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Animal experimentation: Animal experiments were conducted according to

the "Guide for Laboratoury Animal Facilities and Care” (1972) prepared by

the Committee on the Guide for Laboratory Animal Resourves, National

Academy of Sciences, National Research Courcil; the regulations and standards
prepared by the Department of Agriculture; and Public Lsw 91-579, “Labora-
tury Animal Welfare Act," 1970.
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PREFACE

This report was prepared at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Missouri 64110, under U.S. Department of the Army
Contract No. DAMD-17-74-C-4073, MRI Project No. 3900-B, '"Munition Compounds
Mammalian Toxicity Study." The work was supported by the U.S. Army Medical
Bioengineering Research and Development Laboratory, USAMRDC, Department of
the Army. Cpt. John P. Glennon, Dr. Jack C. Dacre, Dr. David H. Rosenblatt
and Cpt. Robert Rice, Envirommental Protection Research Division, USAMBRDL,
were consecutive technical monitors for the project.

This work was conducted in the. Biological Sciences Divicion, un-
der the direction of Dr. William B. Hou.e, between 1 March 1975 and 31
August 1976. The experimental work was directed by Dr. Cheng-Chun Lee, As-
sistant Directcer, Biological Sciences, for Pharmacology and Toxicolngy,
with the assistance of I' . Harry V. Ellis, III, Associate Pharmacologist,
and Mr. John J. Kowalski, Asgistant "{ologist. Dr. John R. Hodgson, Head,
Biochemical and Developmental Pharmaco.ogy, supervised the studies on
metabolism, cytogenesis and mutagenesis. Dr. J. C. Bhandari and Dr. Jaime
L. Sanyer, Associa e Veterinary Pathologists, supervised the necropsy and
tke histology preparation and performed the microscopic examination.
Mr. Thomas W. Reddig (ASCP certified M.T ), Laboratory Supervisor, super-
vised the hematology and clinical laboratory tests. Mr. Jan L. Minor,
Assistant Tox?cologist, supervised the computer program and analysis of
exper:mental data. Dr. William P, Duncan, Senior Raciochemist, nitrated
radiolabeled cotton furnished by Dr. C. R. Benedict of Texas A and M
University. Technical personnel include Robert C. Byrne, Bruce S.
Andersen, Mary A. Kowalski, Francis H. Brown. Ellen R. Ellis, Ernesto A.
Castillo, Judith D. Girvin, Patricia L. Wilkerson, Bhanu S. Gosalia,
Laurel M. Halfpap ard William M. Bracken.
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MAMMALIAN TOXICITY OF MUNITION COMPOUNDS
Phase 11: Effects of Multiple Doses
Part IV: Nitrocellulose
(Report Numb=r 5)

EXECUTIVE SUMMARY

The effects of NC aiter feeding for 13 weeks were investigated
in dogs, rates and mice. A study of the absorption and distribution of
l4_c-1abeled NC was per{ormed in rats.

In dogs, feeding of 1, 3 or 10X of NC or 102 of cotton linters
for 13 weeks did not cause any adverse effects. Dogs fed 10” of NC or
linters ate somewhat more than the others, due to the non-nutritive bulk
effect of these materials. All dogs had some variations in body weight,
hematologic and clinrical chemistry tests, and commonly seen spontaneous
tissue lesions. Feeding NC did not change serum concentrations of IgE.

Rats fed 1 or 3% of NC in the feed for 13 weeks consumed
slightly more feed without any adverse effects. Rats fed 10X of NC or
cotton linters consumed larg> amounts of feed, but scattered much of it
around their cages. They failed to gain as much weight as the controls,
due to not getting enough nutritive intake. These rats did not show any
changes in peripheral blood elements or clinical blood chemistry, any
lesions, any cytogeneiic damage, or any effect on serum IgE.

Mice fed 1 or 3% of NC in the feed for 13 weeks cousumed
slightly more feed without any adverse effects. High level (10%) of
NC or cotton linters did not czuse any changes in peripheral blood ele-
ments or any lesions. However, a number of mice died during the study
due to impaction of fibers in their lower intestinal tract. The sur-
vivors fed these doses lost bcdy weight due to insufficient nutritional
intake.

Rats ziven oral susperzion of Nc-uL-L4¢ absorbed no radio-

activity. The 14C was recovered from the feces and gastrointestinal
tract.

| : Program Director -

E; Cheng-Chun Lee, Ph.D.

Deputy Director

Biovlogical Sciences

For Pharmacology and Toxicology
MIDWEST RESEARCH INSTITUYE

425 Volker Boulevard

Kansas City, i'issouri 64110
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INTRODUCTION

Under Contract No. DAMD-17-74-C-~4073, entitled "Munition Com-

. pounds Mammalian Toxicity Studies," we conducted Phase I studies on the

}: effects of acute exposure of various munition compounda.l/ During Phase
I1, we studied the effecte of multiple exposure to selected compounds

. including trinitroglycerin (TNG), 7,4-dinitrotoluene (2,4-DNT), 2,6-

! dinitrotoluene (2,6-DNT) and nitrocellulose (NC). This report summarizes
the results of Phase II studies on NC. Subchronic toxicities were per-
formed in dogs, rats and mice to determine the maximum tolerated dose

Lo and to define the biological nature and target organ(s) of the toxic

s effects. Reversibility of any adverse effects was determined. Muta-

o genicity of the cowpound was assessed. Imaunologic response was studied
i by the detection of the serum IgE antibodies. The absorption of the

) radiolabeled compound was studied in rats.

L A S S e




Py |
i ‘
it I. DOGS !
; :‘
- TABLE OF CONTEN:S
o Page %
.. A. Subchronic Toxicity and Reversibility. . . . . . . . . ¢ . ¢« .+ .+ 5
1. Introduction . . . « + ¢« ¢« ¢ ¢ ¢ ¢ ¢ o & v e e e e e b :
2., Material and Methods . . . . . . + ¢ ¢ ¢ ¢ o o o o « o o o S :
1
a. Number of Dogs, Sex and Treatment. . . . . . + « . . & )
b. Experimental Procedures. . . . . . « « + + ¢« ¢« ¢ . 6
c. Experimental Design. . . . . . . . . . ¢ ¢ s ¢ ¢ o .. 6 _
3. REBULES: & « v ¢+ ¢ v v vt v e e bt e e 6 ;
a. General Observations, Body Weight and Feed i
Consmtion. L) - . L] . - L L] L] . - L - . . - - . L] . 6
b. Blood Analysis . . . . . « ¢« + ¢« ¢ ¢ v o v v 00 o 1 ]
c. BSP Retention. . « « « & v ¢ ¢ ¢ ¢ o s o s o 4 s e s e 7
d‘ orsan weishts. L) - L] L] L . L] . L . . 1 . . . L) L . . 7
e. Gross and Microscopic Examination of [lissues . . . . 7 ;
4., Discussion and Conclusions . . . « . . « « « v v ¢ « 4« v+ 8
% B. Immunologic Response to NC . . . . ¢« « ¢ ¢ o ¢ ¢ v v v & v o o o 8

o

1. Tatroduction .« . ¢ v ¢ ¢ ¢ ¢ 4 v e e s e 4 s s e 4 a2 e a
§ 2. Matertal and Methods . « + « + ¢ o« « « o & « o ¢ s s s s s o
‘ 3. Results and Conclusion . . . ¢ ¢ ¢« ¢ ¢ o o o o o s » & &

o @

C. SUMMATY. « « o &+ o o o o o o o o 1 v s & o o o o s o o« o s o s s o 9

Py
'

Tables 1 — 11, v & v v ¢ v v 4t e bttt e e e e e e e e e e e e e . 10

—— .
[ . .

i
i
¢




I e g

T e

T Ty ey s e

I. DOGS

A. Subchronic Toxicity and Reversibillty

1. Introduction

Theae studies were performed to define the nature and extent
of the effects of NC on the biological system at the biochemical and
cellular levels and to elucidate the dose-response relationship in dogs
after administration for 13 weeks. The reversibility of any adverse
effects was stu:aled after the treatment of NC was discontinued for 4
veeks.

2. Material and Methods

a. Number of Dogs, Sex and Treatment

A total of 20 young healthy beagle dogs (Hazelton Research
Animals, Cumberland, VA) weighing between 7.2 and 13.6 kg were used for _
theze experiments. The dogs were conditioned and observed carefully in
our animal quarters for 3 weeks after their arrival from the supplier. .
After ecclimation. the dogs were trained to eat the feed at the same
time each day. They were placed individually in metabolism cages with a
measured amount of feed for at least 30 minutes. At the end of the period,
the dogs were returned to theilr pen and the feed remaining estimated.
Water was available ad libitum in the cage and pen. They were then
divided into five groups, each consisting of two males and two females.
The average weights of all groups were kept close.

Three groups of dogs were given 1, 3, or 10Z of NC in their
feed. NC was dipped from the poacher pits at Radford Army Ammunition Plant
(Radford, VA) aad shipped to MRI in 55 gallon drums. As needed, NC was re-
moved from the drums and dewatered in a Buchner funnel attached to a water
aspirator filter pump. The damp NC was mixed with appropi’ate amounts of
Champion Dog Food (kennel formula) and water to produce 10X NC in feed as
dry weight in a Univex Modal 1222 food m*xer with wire whip beaters. Aliquots
of this diet were mixed with additional feed to yield 3% and 1%, respectively.
These diets were given to the dogs in the metabolism cages as described
above. The fourth group received a mixture of 10X of cotton linters (coi~
lulose linters, Military Specificetion MIL-C-20330, Hercules, Inc., Wilmington,
DE) prepared by mixing with feed and water as described above, and served
as a cotton control to determine if any effects observed were due to the
passage of a non-nutritive bulk through the gastrointestinal tract. The
fifth group received molstened feed and served as a normal control.
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b. Experimental Procedures

\

All dogs were observed daily for behavioral changes and toxic
signs. Body weights of all dogs wer. recorded weekly. Blood samples were
collected for laboratory tests before treatment and at 4, 8, 13 and/or 17
weeks during experiment. The testa included hematology and clinical blood
chemistry tests. For fasting *.ood glucose, the dogs were bled before
their daily feeding. At termination, the dogs were euthanized with an
overdose of pentobarbital sodium, and examined for gross lesions. Weights
of heart, liver, spleen, kidneys, adrenals, pituitary, thyroid, and gonads
were recorded; organ weight to body welght or brain weight ratics were
calculated. Various tissues were removed, fixed, processed, sectioned
and stained for microscopic examination of lesions. The procedures for
hematology, clinical blood chemistry tests and histopathology, and the
normal values are given in Appendix I. '

Bromosulfophthalein (BSP) retention test was performed at
termination. A single dose of 5 mg/kg of the sterile test dye (Dade,
Miami, FL) was injected Intravenously following fasting for 16 hours.
Serum level of the dye at 15 minutes was determined and the percent of
retention in the plasma was calculated.2

The results of the various parameters were compared with
the respective baseline levels and/or witn those of the control groups
at the respective time interval according to Dunnett's Multiple Comparison
Procedure.3/

c. Experimental Design

At the end of 13 weeks of continuous irzaimeat, one male and
one female dog from each group were euthanized for necrops. The treatment
for the other male and female dog from each group was discontinued at the
end of 13 weeks and they were euthanized at the end of 17 weeks to study
the reversibility of any adverse effects.

Since adverse effects were not observed in any dogs and NC-
related lesions were uot found in the dogs that were euthanized for necropsy
at the end of 13 weeks, 1l7-week necropsy and blood analysis were not per-
formed at 17 weeks.

3. Results

a. General Observations, Body Woight and Feed Consumption

The control dogs and dogs fed various levels of N or lin-
ters were healthy and exhibited no toxic signs throughout the study. Their

L3
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body weights are summarized in Table 1. All dogs lost weight during the f
first 4 weeks of the study and most dogs regained weight thereafter.
There were no apparent changes due to treatment with NC.

Feed consuamption during the first and last 4 weeks of the
study are shown in Table 2, Individual dogs varied slightly in feed con-
sumption from day to day. On the average the normal control dogs ate the
least, and all treated dogs ate more. The dogs fed 10X of NC or cotton
linters ate about 15 more feed than did the normal control dogs. If one
assumes that the NC and linters were non-nutritive bulk, the net consump- '
tion by all dogs were very similar, During the recovery period, when all {
the dogs were fed plain feed, all groups ate less, ‘

b. Blood Analysis

The laboratory data for dogs in the normal control group,
the cotton control group and the groups fed the low, middle and high levels
of NC are summarized in Tables 3 through 7, respectively. Results for
males and females varied little and have been combined for statistical
analysis. Feeding nitrocellulose did not produce any toxicologically
significant changes in any of the laboratory tests., There were a number
of statistically significant differences when compared with the baseline
levels or when compared with normal controls at the respective time inter-
vals. The changes were small and inconsistent and all data were within
normal limits (Appendix I). ’

c. BSP Retention

3 BSP retention was determined in the dogs terminated at the
end of 13 weeks. Results are summarized in Table 8. NC did not cause any
apparent retention of BSP,.

d. Organ Weights

The absolute and relative organ weights of the dugs killed
after 13 weeks of NC feeding are listed in Table 9. NC did not cause any
apparent change in various organ weights.

S

e. Gross and Microscopic Examination of Tissues

At necropsy after 13 weeks of feeding, all dogs were in
good health with normal Fody fat. Male No. 1 had a hypertrophic nicti-
, tating membrane of the left eye due to hypertrophv of tne glands. Fe-
i male dogs Nos. 2, 6 and 10 had discolored spots on their lungs. Female
y No. 18 had an enlarged, inflamed right tonsil. Dogs Nos. 2 and 17 had
small discolored spots on their livers. Male No. 9 had a slight thicken-
ing of the cusps of his aortic valve, but it did not appear pathological.

7
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The results of the microscopic examination are shown in
Table 10. The normal control and cotton control dogs and dogs fed the
high level of NC had mild or moderate vacuolation in the hepatcrytes;
special staining showed that these were glycogen deposits. In additionm,
mild inflammatory changes were seen in the liver of most dogs, in the o
tonsil of one normal control dog (No. 1), and in the uterus and tonsil _
of one dog fed the high level of NC. The rormal control dog (No. 1) :
also had focal degeneration of germinal cells and retarded spermatogencsis.
These lesions were spontaneous, naturally seen in dogs, and ware uot
caused by feeding of NC. The bone marrow and myeloid/erythroid (M/E)
ratios of theses dogs were normal. Because no NC-indvced lesions were
gseen in dogs fed the high level of NC, complete examination of tissues
from dogs fed the low or middle levels was omitted.

4. Discussion and Conclusions

Feeding 1, 3 or 10%Z of NC or 102 of cotton linters to dogs for
13 weeks did not cause any adverse effects. Dogs fed 10% of KC or linters
ate somewhat more than the others, indicating the test materials were
merely non-nutritive bulk. All dogs, including the normal and cottom com-
trols, showed some variations in body weight, peripheral blood elements and
various clinical chemistry tests., NC did not cause any gross or microscopic
changes in tissues.

B, Imwunologic Response to NC
1. Introduction

In humans, anaphylactic reactions were associated with a higher
i.munoglobin E (ISE) titer.4/ The IgE, the allergic or hypersensitive anti-
body, of dogs treated with NC was determined.

2., Material and Methods

The immunodiffusion technique of Mancini et al.2/was used for de-
termination of serum IgGE titer. Replicate 1 ml samples of serum from the
nomal control dogs and dogs treated with various levels of NC at various in-
tervals were placed in wells in an immunodiffusion chamber along with suit-
able standards., These dogs were used for subchromic toxicity study as de-
scribed in Section 1.A. The diffusion chamber was incubated at 37°C for
48 hours and the diameter of the precipitin ring was measured. Since the
square toot of the diameter is directly proportionsl to the concentration of
the antibody, the IgE concentration was quantitated with the standard anti-
body reagent,
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3. Results and Conclusicm

The results of IgE cuncentrations of normal control dogs and dogs
fed NC or linters are summarized in Table il. Feeding of NC for up to 13
weeks did not cause any apparent changes in serum concerntration of IgE.

C. Summary

Feeding of 1, 3 or 102 of NC or 10Z of cotton linters for 13 weeks
did not cause any adverse effects. Dogs fed 10X of NC or linters ate some-
what more than the others, due to the non-nutritive bulk effect of tl.ese
materials. All dogs had some variations in body weight, hematologic and
clinical chemistry tests, and commonly seen spontaneous tissue lesions.
Feading NC did not change serum concentrations of IgEk.
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TABLE 1

NC

BODY WEISHTS CF DOGS F

3
=
3
S

o

24

B

3

Bl
i
=
LS
3
3
3

Dog
No,

Dose
in Feed

11.4

9.4
7.4

13.0

8.4
7.4

13.1

9.4
8.4

13.6

8.5

8.6
12.8

12.8

7.4
12.0

7.3

11.5

8'0
11.8

10.2 10.3 11.4

11.0

10
13
14
17

10.0 10.3 11.8

10.8

M

7.4
12.0

5.9 6.3
11. 3

10.3

8.0
11.8

“d

10
10

¢.0

8.8

9.8

18
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11
12
15

0
19
20

Cotton control, fed 107 of cotton linters.

a/

Feeding of NC or linters discontinued thereafter.

b/
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L TABLE 2
FEED CONSUMPTION QF DOGS FED NC
Dose Dog Feed Consumption (gm/day)
(% in Feed) No. Sex 1-4 Weeks 14-17 Weeks
0 1 M 720
, 0 2 F 554
J 10c &/ 5 M 677
10C 6 F 641 *
1 9 9 637 %
. 1 10 F 652 :
3 13 M 709 ;
3 14 F 639 3
10 17 M 701 ‘
10 18 F 730 :
0 3 M 570 719
0 4 F 574 424
10C 7 M 788 628
10C 8 F 653 461
1 11 M 606 611 ]
; 1 12 F 631 523 4
3 15 M 685 472 1
: 3 16 F 631 529
i 10 19 M 622 407
2 10 20 F 704 516
n |
bl
{ 0 1-4 605 572
i j , 10C 5-8 690 545
g 1 9-12 647 567
; 3 13-16 666 501

| 10 17-20 689 462

a8/ Cotton control, fed 10% of cotton linters.
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TABLE 3 X

LABORATORY DATA OF MORMAL CONTROL DOGS FOR NC -

tBeN) BASELINE '
(CoN) CONTROL =
N s NUMBER OF DOGS

® o e &) W 4 (Co ) W 8 (Ce A W 13 (Ce &) [

EAYTHROCYTES (xtoh/n-’» 5.69 & 19 5.0 & .2 $.81 & .07 S.42 s .16 ‘-
HEINZ BODIES, 0.00 & 0.00 8.00 & 0,00 0,00 & 0,00 0.00 ¢ 0.00

RETICULOCYTES. & 98 2 o07 e39 ¢ J10Y 82 8  L16 78 s W11

MEMATOCRITY vPL, % s1.2 58 1.2 s0.h 2 1.1 slad s 1,2 43,0 &+ 1.6 )

HEMUGLORING GMo & 16t & o8 18,3 & o7 168 s .8 1607 s o6 :
NETHEMOGLOB M. & s 4 2.1 & lea 132 LA 2.6 2 1,5 f

MCVe CURIC %ICHONS 7408 s . 89,8 ¢ 1.2 71.9 & 1.6 1.8 s LR 5

MCHY. MICHO WICPOGMS. 28,4 s .3 2.5 o3 25.5 ¢ .8 2607 5 o6 . {

MCHECe "M ¥ 3.0 2 .6 B2 o9 kT PP 363 8 .6 ' 3

PLATELETS axnosrnnan 2,38 o2 2.8 o 2.6 2 .1 2.6 & L1 :

LEUROCYTES (xlo31n~3» 121 & o9 11,5 2 1e7 10,6 ¢ o7 12,6 & .9 ]
VEUTHOPHILS % 50,7 & 4.0 £5,3 2 1.4 $2.5 2 3.5 56.0 & 1.6 3
LYNPHOCYTES, % s4,6 2 4.0 3.5 8 3.7 37.5 & 4.0 38,3 ¢ 2.0 ]
IANDSe 3 0.0 ¢ 0,0 0.0 5 0,0 0.0 2 0.0 0.0 & 0,0 - 3
EUSINOPHILSs 3 sl s .6 10,5 & 6.7 7.5 s .9 8.0 2 .9 )
SASOPRILSe % 0.0 2 0.° 0.0 & 0.0 0.0 & 0.0 0.0 s 0.0
WONOCYTESe & T e P} 248 & oh 2.5 & 8 N3 5] . 1
ATYPICAL. & 0,0 ¢ 0.0 0.0 2 0.0 0e0 & 0.0 0.0 & 0.0

NUCLEATED RHC. & 0.0 & 0.0 0.0 & 0.0 0.0 5 0.0 0,0 2 0.0

CLOTTING TIvEe “IN, Geb & ? LIRS L TeA & 7 TeS ¢ 2

GLUCOSE (FASTINGI s MG 4 101,7 & 2.3 a7.0 ¢ %.@/ 102,32 1A 98.3 s 3.9

560T, fusL 2.7 & 2.1 23.0 ¢ 2.9 22.0 ¢ 2.1 18,0 & 1.2

SGPT, fU/L 4.9 & 2.9 340 & 17 35.3 & 4,2 32,3 & 4,1

ALK, PMOS.e JU/ZL 7T 9 N saf 40 2 Sa/ 32 s8f

CHOLESTENOL . MG % 166 & 1e 161 & 10 1% & & 168 ¢ 17

BUNe MG & 13.9 ¢ 1.6 10,0 ¢ .Y 11.5 2 .4 10,3 ¢ 1,1

INTRIES AI.I-PIAI: STANDARD ERROR

g/ Sigaificantly differemt from the beseline level (Dumnett's multiple cosperison procedured’).
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TABLE 4

LABORATORY DATA OF DOGS FED COTTON LINTERS

onsSE L0% LINTEZRS (BeN) BASSLINE
(TonN) TAEATWENT
N T NUMBER OF DOGS
WK 0 (8¢ &) WK & (Co &) 8 (Ce &) 13 (Cv &)
ERYTHROCYTES «nnh/w)» 9.92 & .l0 .63 3 .43 5,49 & 499 Se%1 & .11
wEINZ HODIESs # 0.00 ¢ 0,00 0,00 & 0,00 0.00 2 0,00 0.00 ¢ ©6.00
HETICULOCYTES. & Th s .08 27 o o6 72 8 413 &2 2 .06
HEMATOCRIT. VOL. 43,8 2,4 IR0 & 4o 40,8 ¢ oA 42,3 ¢ 147
HEMUGLORINe GM, % 18,0 & .3 13.9 & .5 14,2 2 .6 14,6 2 LS
METHEMOGLOBIN. 4 2 2 42 0.0 ¢ 0.0 T e L7 0,0 =+ 9,0
MCVe CUHIC MICWONS T35 & 1,2 66.8 &+ 3.9 71,2 & 1.5 Té.0 2 1,86
MChgy MICHO MICI0GMS, 5.4 3 o8 24,9 2 .9 25.0 2,7 26,1 & .6
MCHACY GM & 36,5 o 2 7.8 & 1.5 35,7 & S 3,1 2 oJ
PLATELETS ulns,m-J» 2.7 & &3 2.6 ¢ .3 2.0 8 L1 2.9 ¢ 3
LEUROCYTES (“03,“3, llea ¢ 3 1.0 8 .8 10,86 ¢ .7 14,5 ¢ 1.3
NEUTROPHILS. ¥ $6,3 & 8,3 56.3 & 4.4 66,0 ¢ 2.0/ 83,5 2+ 1,8
LYMOHUCYTES. 4 el.2 & 30 38.R & 4,2 27.0 & b 30,0 & 2.7
BANDSe & 0.0 ¢ 0.0 0,0 & 0,0 % RS 0.0 ¢ 0,0
EUSINOPHIL Se ¥ 1.6 ¢ .A 4,5 & 1.9 5.3 2 1,8 5.5 &+ 2.1
AASOPHILS. & 0.0 & 0.0 0.0 & 0.0 el 2 0,0 0,0 &2 0,0
WONOCYTESe 8 e 2 S5t .5 1.5 ¢ 9 1.0 ¢ fev
: ATYPICAL. ® 0.0 & 0.0 0.0 ¢ 0.0 0,0 ¢« 0.0 6.0 » 0,0
NUCLEATED WHCe ¢ 0.0 5 0.0 0.0 & 0.0 0.0 & 0.0 0.0 &+ 0,0
CLOTTING TIME. WIN, 6,32 o3 bob 2 1 8 7.0 8 o6 Te3 2 W8
] GLUCOSE (FASTING)s MG W 98.0 & 2.8 84,3 ¢ o,28 97,5 & 3.8 8s.s ¢+ 2.7%
g . $60T. fu/L 29.2 ¢ 147 23.% & ?I.s 26.8 & 3.6 23.3 2 .8
¥ SGPT. TU/L 43,8 2 17,8 $9.3 2 18,5 39,0 £ 5.6 32,8 &+ .8
? ALK, PHOS.s U/L 7. 9 -4 s 1 & ws 1 ¥
¥ ) CHOLESTEROLy MG § 165 & 11 158 ¢ 7 143 & 10 140 & L]
E,' ‘ wiNe MG ¥ 13,2 1.1 8.8 2 1.02/ 9.3 ¢ .98 7.8 ¢ loo &/

ENTRIES ARE MEAN + STANDARD ERROL

s/ upulcuu} differsnt from the baseline level (Duanett's sultiple comparison proccduto’-/).
from the controls at the respective time interval (Dumnett's sultiple comparison procoduroy ).

b/ Significantly differeat
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] 3
ERYTHROCYTES (X10 /7Mm )

HE INZ BODIES, §
RETICULOGCYTES, &
HEMATOCRITe VOL. @
HEMOGLORINe Gh, §

MEVHEMOGLNBIN: ¥
MCVs CyYaIC, MICRAONS
MCHEe NICRO MICHOGMS,
MCHECe GM B

3 3
PLATELETS (X1G /MW )
LEURJCYTES (IIOJ/NNJ)

NEUTROPHILS. &

LYMPHOCTYTES, &

BANDSs &

EOSINOPHILS. &

DASOPMILS ¥

ONNCYTESs &

ATYPICALe ¥
NUCLEATFD RACH, &
CLATTING TIMEs MIN.
GLUCOSE (FASTING)e My %
SGOTe [U/L
SGPTy JU/L
ALK, PHOS,e JU/L
CHOLESTEROL+ MG %
BUNe MG X

ENTRIES ARR MEAN + STANDARD ERROR

“.77
0.00
A2
ol.6
14,3
0.0
12,1
26,8
Ja.e
2.4
11.6
94,5
2.4
0.0
2.0
0,0
«?
0,0

6.3

100.1

28,0

34,2

80
1e7

12..

(14

(s

(¢ te o o §o fo (o e fo o (o 4

te

e ¢ f* v i+ (e

L4

Tr

0.0

oh

)
o3

Te2
1.0
0.0

b

.2
0.0
3.0

s

3.5
z'l

l.J

TABLE 5
OF S
onse 1% x¢
WK 4 (Te &)
5.70 2 «09
0400 & 0.00
26 s ana &
0.5 & o9
13e?7 & W2
0.0 & 040
Tled ¢ oA
26.1 & 2
33.9 ¢ «2
2.3 & 2
12.7 & 1.8
85,8 &2 4,8
KL I Y.
0,0 & 0.0
9.5 ¢ 9
0,0 & 0.0
5 2 «3
0.0 ¢ 0.0
0.0 & 0.0
48 s 4 Y
89,3 2 2.7
22.R & 1.%
0.0 & 2.7
e 2 6
148 2 9
8.0 & o7

0.0
0.0
8.3
93.%
26,0
26,8
44
149

10.8

(8eN) BASELINE
(TeN) TREATMENT
N s NUMAER OF NOGS

(Toe &} WK 131(Te &}
b3 ola %.16 ¢ «5¢
s 0.00 0.00 & 0,00
s 10 M 3 17
L L6 37.8 + 3.7
Ca_—_— 13.1 & 1.8
2 0.0 Vel 2 0.0
L 1,8 73,6 ¢ 1,2
e P ] 25,4 & 8
2 b 34,6 2 8
s .2 2.6 ¢ .3
E 15,8 ¢ 2.1
L 2.5 6ls0 & 1.8
s A7 Jl.8 & 3,2
s 0.0 0.0 &2 0.0
L2 l.e 6.0 2 2.7
£ 0.0 0.0 = 0.?
PR ] 5 e 3
L 0.0 0.0 = 0,0
s 0.0 0.0 2 3.0
s 6 ¥ 8.0 2 .o ¥
4,9 98,0 + 2,9
s 2.2 22,0 = 2.7
2 S.4 27.8 & 4,5
2 s %0 ¢ i
s 12 139 = 8
s lat 11,3 2 1.8

27 stgntflci;;i} differant from the baseline level (Dunnact's multiple comparison procodurol').
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TABLE ¢

LABORATORY DATA OF DOGS FED NC

DOSE » N (ReN) BASELINE
(TeN) TPEATMENT
N = NyUMPgR (F DOGS

RN S )

™ 0 (R &) W4 (C. M) w8 (C, &) w1 (e
ERYTHROCYTES (xloolnu ) 9.82 & .17 6.0% 2 +«30 Se96 2% $.38 ¢ «15
NEINZ AODIESs ¥ 0,00 & 0,00 0.00 & 0,00 5,00 ¢ 0.08 0.00 3 0.00
RETICULACYTES. + W95 ¢ L0m 26 2 L08d RTINS w8 s .09
MEMATOCR|Te VOL, * 3.3 ¢ 13 LITTVRE S T 413 & 1S *1.% ¢ 9
HEMUGLCR [N G¥e & 15.1 & o4 1%.1 & .7 16,6 & o6 1e,0 & .2 3
wE THEMOGLO [N, + w s e 0.0 & 0.0 0.0 £ 0.0 0.0 & 0.0 ‘
MCVe CURIC MICQONS 7.8 ¢ 11 72,9 ¢ 1.8 09,2 2 .5 7.3 ¢ 1.0
MCMRe MICRO wICAOGMN, 29,9 ¢ oA 209 s 1 20,5 0% 26,0 ¢ &)
MCHYCs G Je .8 o iy 34,1 ¢ o7 hi TV K'Y d 33,7 & FLY
PLATELETS (llnslani 2% &£ &1 2.5 ¢ a4 F 1% 2 T | 2406 2 ol
LEUKOCTTES (K10 /Nw 139 & 1.l 10.9°2 1.3 119 & 1,7 17,7 & 1.9
NEUTROPHILS. & 8.6 5 .8 81,8 & 3.3 %9,5 2 3,2 46,9 ¢ 2.1
LYNPHICYTES. & 36,6 & .4 30,5 & 2.9 1.0 & 3.3 26.8 2 2.8
; AANDS, ¥ 0.0 & 0.0 0.0 & 0.0 - S 0.0 2 0.0
FOSINOPHILS. % 2.8 2 1.6 7.0 5 2.3 6.8 2 .8 8.3 8 o8
AASOPATLS. ¥ 0.0 =+ 0.0 0.8 & 0,0 0,0 = 6,0 0.0 & 0.0
} WOMECYTESs & 1.3 8 .8 A 8 1.8 2 .3 5 TR
! - ATYPICALY ¥ 0.0 ¢ Nn,0 0.0 & 0.0 0.0 ¢ 0,0 0.0 & 0.0
NUCLYATED P2y % 0.0 & 040 0.0 5 0.0 32 L3 0.9 s+ 0.0
CLOTTING TI4Es MIN, 8.2 ¢ ol s s 30 8.9 & A 7.9 s SY
GLUCOSF (FAGTING)« G o 103,46 & 2.5 90,8 5 1.8 9,3 2 2,3 97,8 + 2.2
; é SGIT. TU/L 30,0 s 2.2 23,4 & 2.5 20,3 2 1.6 19.5 ¢ 1.5%
g ' SGPT. Tu/L 39,3 s 4,0 32.3 2 2.M 8.0 .8 30.5 2 2.7
¢ ; ALK. Pr.OS,. Tu/L oS s 7 ss 3 & 37 s & & 2. 28
f CROLESTEN L, 3 % 165 ¢ 9 1an & 10 19 ¢ 7 173 2 1
AN, MG ¥ 15.4 5 1,0 9.8 s .98 C 10,32 t.e8f 8.0 2 1.3%

ENTRIE ARK MEAN + STAKDARD ERROR

E——————E

e — SRS LT
. . . .

a/ si.uz?fbnn:ly different f‘rom the baseline lavel (Dunnett's multiple comparison procedursd’).
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TABIE 7 i

LABOPATORY DATA OF DOGS FED NC

nosc I x - ('O-Nl BASEL INE ; ( : .
(TeN) TREATWENT e
N = NUMAER OF NOGS P
SRS w 4T L2 BT NY L R IT Y ii
FAYINOCYTES tx10 /M) S.68 2 .28 8,90 2 19 $.97 s .27 8,40 2 19 il j
HEINZ MODIES. % 0,00 £ 0.00 0,00 ¢ 0.00 0,00 2 0.00 0,00 & 0,00 g
HETICULNGYTES. € A3 2 Ll e G0 A% s A e s 2 { ; f
EMATOCRIT. VOL. % Mo 2 1.1 1.8 ¢ 141 0.8 e 9.5 s Lee R
HEMOGLOBING GN, & 16,6 2 o8 16,6 2 .6 10,2 s & 13.7 s .S . ‘ ‘
WETHEMOOLOBIN, & w2 led g oA lee 8 R leo s o8 " |
WCV¥, CUBIC MICRONS 3.8 & 1.3 70,3 2 oF o8, 2 1,08 731 2 Lok ‘
MCHH s HMICHO MICROGMS. 25,4 & Y 26.% ¢ b 26,0 ¢ Y 2%.3 & ) { , *
4 MCHECs GM % - TSP | 8.0 s o8 M 2 366 2 o2 - :
) PLATELETS unns/-«-:l 3.0 L) 2.8 2 o8 2.9 2 . 1e8 & o8 . ‘ !
LEUKOGYTES (X10 /mm ) e s L7 12.8 1.3 10,1 2 . 16,9 & .6
: NEUTROPHILS. 57.6 & 2.2 62.0 » 4.0 83,0 2 &, 62,5 & 5.6 " x
3 LYMPHOCYTES, ¥8.3 2 2.3 9.3 2 9.9 383 ¢ 80 23,2 2 3.8 B i !
E BANNS, & 0.0 & 0.0 0.0 ¢ 0.0 9.0 ¢ 0.0 0.6 & 0.0 i
EOSINOPMILS, 38 s 1.1 T3 s 9 70 s 1.5 8.8 s 37 .
GASOPHILS. % 0.0 s 0.0 0.0 2 0.0 0.8 & 0.0 0.0 & 0.0 (
; “ONOCYTES. & o s W2 1.5 . L s W9 3 e ) s
] ATYPICALs & 0.0 & 0.0 0.0 + 0.0 0.0 & 0.0 0,0 2 0.0 I
i NUCLEATED PBC. 3 0.6 & 0.0 0.0 =+ 0.0 0.0 ¢ 0,0 0.0 & 0,0 :l
1 CLOTTING TIME, wIN. 6.5 2 .2 9 .8 7.8 8 .6 9.5 2 LAY/
E GLUCOSE (FASTING) s WG & 9.5 & 1.9 96,0 ¢ A.p MW 2 4,2 99,0 &+ 1.7 ‘
‘ SGOT, U/t 20.7 & 1.6 20,3 s 10 20,3 2 l.s 19,5 ¢+ 2,64 N
S6PT, TU/L 3.8 2 1.2 32,5 s 1.9 30.8 & 2.9 27.5 ¢ 3.5 ..
ALK, PHOSes Iu/i 76 s S 4 s & & @y s e 3 al iy
CHOLESTEROL, %G % ‘ 199 & o 13 o Y 118 s 7 &b 1202 & ¥ .
BUNs MG % 12.8 2 o4 9.% ¢ .o% 10.3 ¢ .6 9.5 ¢ 1.08/

[P S,

ENTRIES ARE MEAN + STANDARD RRROR

8/ Significantly different frow the baselins level (Dunnetc's multiple comparisoa procodurol’ ).
b/ Significantly different from the controls at the raspactive time iatstval (Dummectt's asultiple comparison procednml/).
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TABLE 8 .
BSP_RETENTION OF DOGS FED NC FOR 13 WEEKS
Dose Dog 3
(% in Feed) No. % Retention :
0 1 5
C 2 2 ]
10c4/ 5 4 1
10C 6 2 ’
1 9 2
s ) § 10 4
3 13 5
3 14 5 E
1 10 17 4 ]
Lr 10 18 3
a/ Cotton control, fed 10% of cotton linters.
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TABLE 11
m! NC g
Duse Treatment Weeks N
7 (% in Feed) Week 0 Week &4 Week 8 Week 13 : !
0 9254982/ 400, 1500 10754229 15314142
10c8/ 975, 1175</ 1488,128
1 400, 400
3 925 1500, 1525
10 923441 656493 1444441 1431,16

a/ Cotton control, fed 107 of cotton linters.
b/ Mean ; standard error of four dogs. o
¢/ 1Individual values.
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II, RATS

A. Subchronic_Toxicity and Reversibility

1. Introduction

As for the dogs, these studies were performed to define the nature
and extent of effects of NC on the biological system at the biochemical and
cellular levels and to elucidate the dose-~response relationship in the rats
fed NC for 13 weeks. The reversibility of any adverse effects was also
studied after the feeding of NC was discontinued for 4 weeks,

2., Material and Methods

a. Number of Rats, Sex and Treatment

A total of 40 male and 40 female young healthy cp® rats
(Charles River Breeding Lab., Wilmington, Mass.) were used for this study.
They were divided into five groups, each consisting of eight males and
ejght females, The average weights of all groups were kept close. Three
groups of rats were fed 1, 3 or 102 of NC in the feed. The 4th group, re-
ferred to as the cotton controls, received 10X of cotton linters in the
feed. The 5th group, referred to as the nocrmal controls, waa given the
powdered standard rodent chow (Wayne Laboratory Meal) withcuat NC.

b. Animal Husbandry

Our animal quarters have a ventilation system with 10 air
changes per hour. The room air is passed through filters to remove 99.9%
of all narticles larger than 0.3 u. The temperature is maintained at 75 +
5°F and the relative humidity at 50 + 10%. The light cycle in all animal
rooms 1s kept at l1l2-hour on and 12-hour off with a timer.

Upon arrival from the breeder, the rats were isolated and
conditioned in our rodent quarter for at least 2 weeks before starting
on the experiment. They were housed two per plactic cage with filter
tops. Hardwood chips were used after steam—sterilization as bedding
material and changed weekly. All cages, cover tops and water bottles
were steam-sterilized before using and once every moi:th. Feed snd water
were available at all times.

c¢. Feed Preparation

Wet NC was dewatered, &8s described for the dogs in Section
I.A.2.a., and an appropriate amount added to the rodent chow to yield
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a diet containing i0%Z NC on a dry banis. The diet was placed in a wc.x n
box (16 x 16 x 20 in.) until half full. The box was rotatad sbout its
long axis for 1 hr in a modified cement mixer at : speed of 20 rpm. Sub-
sequently, aphropriate amounts of thls diet were mixed with the stamdard
chow to pradyhe 3% and again 17 of NC, respectively. The dist for the
cotton cnnt{cl_group consisted of 1UX of cellulose linters mixed as

for the MNC diezs. '

e e

d. Experimental Procedure

The xperimental procedure for rats was the same as for
dogs, described in Section I.A,2.b,, with the follmiing exceptions:
-

(1) Blood samples wer: collected by cutting the
tip of the tuil at 0, 4, 8, 11 endficr 17 weeks for hematology tests.
In addition, ter.<inal blood w:¢ gﬁ,iﬁuted from the abdominal aorta un-
der ether anesthesia for cliw:i.ai.chamistry tests.

K
o -
(2) BSP reye&tiom test was not performed.

e. Experimentil Design

&

The experimental desién for rats was the same as for
dogs, described in Section I.A.2.c., with the following exceptions:

(1) At *he end of 12 weeks, four male and four
female rats from each group were euthenized for necropsy.

(2) The *riatment for four males and four female
rats from each group were discoatinued at the end of 13 weeks. They
were kept for observation. 8ince adverse effects were not observed
in any rats and NC did not: cause any lesions in the rats that were
euthanized at the end of 13 weeks, the rats for the reversibility
study were not necropsied for examination at 17 weeks as scheduled.

e o AT

3. Results

a. General Observations and Weight Gain

The rats fed linters or various levels of NC were generally
| healthy throughcut the experiment. However, during week 4, one low dosage
' male (No. 155) became inactive, occasionally twitching, and had a large

?f : lump on his forehead. During the next weeks he gained little weight,

his fur became rough, and his back arched, In week 6, he lost 41 gm in
2 days, so he was killed. Necropsy showed severe hydrocephalus, apperent-
ly congenital. One night in week 8, one low dosage female (No. 256)

; 24
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caught her left front leg in the wire mesh cage top. Ey morning tiie leg

was black due to a tourniquet effect, so she was killed. There were no
other gross adverse sftecte.

The body weights of male and female rats before, during
and after NC feeding are shown in Table 12. The weight gains of the
males and females fed the low (12) and middle (3%) levels of NC were com—
parable to those of the control group., Males fed the high level (10%)
of NC or cotton linters had reduced weight gain, with the cottom control
rats belag somewhat wore affected, When returned to plain feed ror the
recovery study, the body weighte of the high level males approached the
welghts of the normal coantrol males, whereas those of the cotton control
males were still less than those of the normal control males. Tr= weight
gains of the female rats fed 10% of cotton linters were also d¢ ressed
as compared with the normal control females.

b. Feed Consumption

Feed consumption of rats fed the cotton linters or various
levels of NC are shown in Table 13. Rats fed the cotton linters or the
high level (10%) of NC were readily identified by the enormous mounds of
white fluffy material scattered all around the cages. Apparently, the
rats tried to discard the fiber while trying to get at the feed. There-
fore, these rats had high appareut feed consumptions. Rats fed the low
level of NC ate somewhat more feed than the control rats. Rats fed the
middle level ate considerably more. Since there was no apparent increase
in feed scattering, these rats ate more feed to compensate for the non-
nutritive fiber in their diet. During the recovery period, most rats
consumed less feed than the controls.

c. Blood Analyses

The laboratory results from control male rats and male
rats fed linters or various levels of NC are summarized in Tables 14
through 18, respectively. The control males had increases in erythro-
cytes and hemoglobin, a decrease in reticulocytes, and various changes
in the cell indices. These changes are normal in maturing rats like
those used in these studies. The terminal blood samples have statis-
tically lower hematocrits and leucocyte and platelet counts. The
leucocyte count is below normal (see Appendix I, Table L). One control
male (No. 136) had very high SGOT (595 IU/liter), SGPT (803 IU/liter)
and alkaline phosphatase (111 IU/liter) values. The other peripheral
blood elements fluctuated within normal limits. Similar changes and
fluctuations in peripheral blood elements occurred in rats fed various
levels of NC or cotton linters. The changes and fluctuations were
small, inconsistent, and were not due to NC.

25
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The laboratory results from control female rats and fe-
male rats fed linters or variocus levels of NC are summarized in Tubles
19 through 23, respectively. The results were similar to those seen
in the males. There were increases in erythrocyte count, hematocrit,
and/or hewoglobin concentration, and/or decrease in reticulocytes during .
the experiment in the normal control and cotton control rats, and rats
fed various levels of NC. Other changes and fluctuations were small and
of no clinical signiiicance. : -

d. Organ Weights

The organ weights of ratas fed 102 linters or various {
levels of NC for 13 weeks are summa. ized in Table 24. When compared with "
the normal control rats, the males fed 10X of cotton linters or NC had
significantly smaller weights of liver, kidney, and/or spleen with similar ‘S
weights of testes and brain. These males also had considerably smaller *
body weights. Based on body weights, their relative weights of testes
and brain were larger, and their liver, kidney and spleen weights were
similar to those of the normal control males. Based on brain weight, the
relative weights of the various organs of the treated males were not -
significantly diffarent from those of the normal controls. For the fe-
males, there were uct any consistent differences in various organ weights.

‘ .
—a—

.
o

. .
- ——

e. Gross and Microscopic Examination of Tissues

The rats fed linters or various levels of NC were in good -
nutritional condition with no gross lesions when necropsied after 13 §
weeks of feeding. Results of the microscopic examintion are shown in e
Tables 25 and 26. The control rats and the rats fed the cotton linters .
or the high level of NC had inilammatory lesions in the myocardium, lung, f
salivary gland, liver, kidneys and/or adrenal. Other occasional lesions o
occurred in both the control rats and rats fed linters or NC. The lesions :
included retinal rosettes, epithelial hyperplasia, corneal thickening !
and/or chorioretinopathy of the eye, pinworms in the large intestine, '
pelvic dilation and/or microcalculi in the kidney, or a cystic and hy-
poplastic thyroid. These lesions were spontaneous and were not caused
by cotton linters or NC. The bone marrows and their M/E ratios were
normal. :

AR
-

e~ LT A

Since 10% of cotton linters or NC in the feed did not :f
f cause any lesions, the tissue slides prepared from rats fed the middle
(32) or low (12) of NC were not examined.
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4. Discussion and Conclusions

Male rats fed the low, middle or high levels of NC consumed
26.9, 31.7 or 58.1 gm/rat/day of feed, respectively. Female rats con- ’
sumed 20.1, 22.9 or 46.5 gm/rat/day, respectively. Much of the feed, A
particularly the cotton fibers for the rats fed the high level (10%) }
of NC, was spread about the cages. Rats fed control feed ate less t
avereging 25.9 and 17.5 gm/rat/day for the males and females, respective- ’
ly. Rats fed 107 of cotton linters ate and removed considerably
more feed averaging 67.3 and 52.2 gm/rat/day for the males and females, ;
respectively. The NC and linters apparently acted as non-nutritive 3
bulk ingredient in the feed, and the rats attempted to remove it. 3
These rats did not get enough prutritive portion of the feed, and they
gained less weight than did the normal control rats. The male and the
female rats fed the low or middle levels of NC apparently received enough
nutritional intake. They gained weight comaparable to the controls.,

NC did not cause any significant changes in peripheral blood
elements or clinical blood chemistry or any lesions. The changes in
organ weights were due to depressed body weight gain. One control rat ¥
(No. 136) had high serum transaminases and alkaline phosphatase due to
marked hepatic necrosis. Other noted effects were mild and inconsistent.,

R TR (e o o e

B. (Cytogenetic Effects of NC

1. Introduction

[RS——

. The cytogenetic effect of NC on somatic cell chromosomes was
: studied. The lymphocyte and kidney cultures from rate fed NC were ob-~
R tained and examined for any damages.

2. Material and Methods

a. Animals

Rats fed the high level of iU from the subchronic toxicity
study were used. These rats were fed 102 of NC in the feed for 13 weels,

b. Lymphocyte and Kidney Cultures

At the end of 13 weeks, blood samples were aspetically driwn
from the tail veir of both the cotton control and treated rats. The cotton
control rats fed 107 of cotton linters were used to eliminate any effects

27
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due to the non-nutritive bulk fibers. The lymphocytes were cultured by
the method of Moorhead et al1.8/ Kidney tissue samples were removed at
necropsy and cultured by the trypsinization method of Fernandes.l/ All
cultures were maintained in Eagle's medium as modified by Vogt and
Dulbecco -8-

T ek e

—
$ i
PSR

; c. Chromosome Analysis

— b

Actively dividing kidney cultures and phytohemagglutin-
; stimulated lymphocytes were arrested in metaphase by short-term col-
% chicine treatment. The cells were trypsinized, swollen in hypotonic
f solution, and processed for spreading on glass slides by the method of
{ Moorhead and Nowell.”/ Slides were stained with giemsa and scanned
under low power optics. Cell polyploidy was estimated by examination
‘ of 200 cells. Slides showing minimum scattaring of cells in metaphase A
were selected for analysis under oil immersion optics. Chromosomes were vd
counted and morphological aberrations were examined from photographic
negatives of up to 50 metaphase cells.

=

e
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% 3. Results and Conclusion

The results on numerical and morphological aberrations of -
chromosomes are shown in Tables 27 and 28, respectively. Rats fed 102
of NC for 13 weeks did not show any changes in chromosome frequency dis- :
tribution, number of tetraploids, or frequency of chromatid breaks, gaps .
or translocation in the peripheral lymphocyte and kidney cultures. NC
‘ was not absorbed through the gastrointestinal tract as discussed below ;
3 : in Part IV, so these results are expected. -

R e L Tl

3 C. Immunologic Response to NC *l

ﬁ 1. Introduction ]

Immunoglobin E (IgE), the allergic or hypersensitive anti-
body, was associated with anaphylactic reactions in humans.ﬁ/ Serum
concentrations of IgE of rats fed NC were determined. .

e r

2. Material and Method

’ As described for the dogs in Section I.B.2., the immuno- .
‘ diffusion technique of Mancini3/ was used to determine the serum IgE {
of rats fed 10% of NC for 13 weeks. These rats were used in the sub- .
chronic toxicity study described in Section II.A.

T T e e T T T T
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3. Results and Ciaclusion

Serum concentration of IgE of cotton control rats and rats
fed 10X NC for 13 weeks are summarized in Table 29. NC did not ap-
pareatly alter the serum concentration of IgE.

D. Suwmary

Rats fed 1 or 3% of NC in the feed for 13 weeks consumed slightly
more feed without any adverse effects. Rats fed 10X of NC or of cotton
linters consumed large amounts of feed, but scattered much of it around
their cages. They failed to gain as much weight as the controls, due to
not getting enough nutritive intake. These rats did not show any changes
in peripheral blood elements or clinical blood chemistry, any lesions, any
cytogenetic damage, or any effect on serum IgE.

29




TABLE 12

BODY WEIGHTS OF RATS FED RC

% NC Body Weights (gm)
Sex in Feed Initial 4 Week:r 8 Weeks 13 Weeks 17 Weeks
Male 0 250 + 5B/ 394+ 9 477 +15 540 + 16
108 2404+ 5 326+ 4 361+ 16 420 + 11
1 254+ 6 389+ 15 472+ 23 545 + 38
3 239 + 12 385+ 26 456 + 24 520 4 27 "
10 232+ 5 329+ 5 391+ 4 446 + 5
Female 0 179+ 5 250+ 5 278+ 7 306 + 6 -1
i 10¢ 188+ 3 231+ 6 270+ 3 298+ 6 !
i 1 171+ 7 236 + 14 265+ 9 283 + 11 1
; 3 181+ 3 252+ 9 293+ 13 330 + 14 - 1
: 10 182+ 2 242+ 5 274+ 7 304 + 15 {
| N
‘ Male 0 246 + 3 399+ 9 487 + 21 555 + 22 600 + 22 o §
: 10C 251+ 3 322+ 9 376 + 11 438 + 15/ 557 % 25 s
1 246+ 3 368+ 5 442+ 9 507 + 17¢/ 550 + 13 o
3 246 + 11 393 + 22 456 + 25 525 + 30/ 576 + 38 o
10 253+ 6 350+ 13 408 + 14 476 + 128/ 596 + 17 -
; ‘ § ‘\
Female G 186+ 5 247+ 7 274+ 7 308+10 328+ 9 RE
10C 192411 231+ 6 272+ & 287 + 52/ 315+ 2 L]
1 175+ 5 239+ 7 282+12 308+ 12¢/ 321 % 15 :
3 172+ & 263+ 6 277+ 7 310+ 9¢ 317 % 10
10 187+ 4 250+ 9 283+ 9 311+13% 339+ 2 ’{
- a/ Cotton control; fed 10% of cotton linters.
: b/ Mean + standard error of four rats. A
¢/ NC or linters in feed discontinued thereai:er.
o
»
P
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TABLE 13

AVERAGE FEED CONSUMPTION rat/day) OF RATS FFD NC

i
% NC Males %
inPeed 1-4Y 5-8 9-13 1-13 Ib- 1% g
%
i
0o 24.7 27.1 26.0 26.0 25.1 i
10ca/ 70.6 65.8  65.5 67.3 23.7 ]

1 23.0 28.1  29.7  26.9 19.4

3 29.7 35.2  30.3 31.7 23.2

10 55,6 59.7 59.0  58.1 26.0

i Female

1-4 5-8 9-13 1-13 14 - 178/

0 16.7 17.9 17.9 17.5 16.2 J

10C 51.0 55.6 50.1 52.2 14.0

: 1 17.7 19.6 23.1 20.1 11.9
g 3 21.0 24.5 23.3 22.9 14.0 }
3 10 45.6 48.0 46.0 46.5 13.1 ;

a/ Cotton control; fed 10% of cottom linters.
b/ Weeks.
¢/ Recovery period; all rats fed control feed.
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LABORATORY DATA OF NORMAL CONTROL MALE RATS FOR NC

ERYTHHOCYTES (1109’""3,

HEINZ BODIESs %
RETICULNCYTES. %
HEMATOCRIT, VvOL, %
REMOGLNAINS GM, ¥

METHEMOGLOKING 4
MCVs CURIC MICKONS
MCHB, MICRO MICR0GMS.
MCHNCy GM %

L] 3

PLATELEYS (X10 /MM )

3 3
(X110 /MM )

LEUKOCYTES
NEUTRUPHILS.
LYWRHUCYTES, »

BANDS. F
EOSINOPHILS. %
JASDPHILS : %
MONNCYTES s ¥
ATYPICALY ¥

NUCLEATED FRC. 4 N

GLUCDHSE (FASTING)s MG

SG0Ts IU/L

SGP e TU/L

ALK+ PHOS.s THU/L
CHOLESTEROLy MG 3
BUNs MG B

ENTRIES ARE MEAN

a/ Significantly differvent from the baseline level (Dunnett's multiﬁsc ¢ mparisen procedures

B e SRR
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TABLE

0 (Be &)
S.81 2 .09
0.0 & 0.0
1.90 & 83
5l.3 & 3.2
14,2 » 2
0.0 & 0.0
88,0 & 4,4
4.4 3 N
2749 & les
B.0 2 o7
18.1 =+ 2.9
12.1 & 2.1
46.3 ¢ 2.0
0.3 & 0.0
5 & 5
0.0 2 0.0
1.0 2 o h
0.0 & 0.0
0.0 ¢ 0.0

STANDARD ERROR

WK 4

6.79

1.1%
2.0
16.2

0.0
T6.6
23.8
3l.1

6.5
21.0

Se0

2.0

32
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(BeN) RASELINE
(CoN) CONTROL
N = NUMRAER OF RATS

b Gond Band Bl

{Ce o) WK 8 ‘Co &} WK 13 (Ce &)
L .19 M54 3,29 7415 ¢ 378/
e 0.0 0.0 & 0.0 0.0 &+ 0,0
e a2 1.85 &+ .22 lal & .10
¢ 1.6 50.5 ¢+ 9 62,0 ¢+ 2.0%
s Y lo.a s 28 14.3 ¢ o8 ]
e 0.0 0.0 ¢ N0 «J 2 o3
s 1.7 1.2 s 2.3 58,7 s .o8
e .2 8.1 2 .7 20,1 & .18 :!
Y U 32.5 2+ ¥ .2 L3
t .8 T s 6 s Y :
¢ 1.5 20,2 & l.s 7.0 &+ 1.9 :I
* ol 6,3 & 2.4 23,8 ¢+ 8.1
e .9 9.5 & 2.8 73.8 ¢ 4.0
+ 0.0 .0 = 5.0 0.0 ¢ V.0
s+ 1.0 1.8 ¢ 1.0 S s S
£ 0.0 0.0 & 0.0 0.0 ¢ 0.0
. 5 B2 5 2.0 & b
L 0.0 0.0 & 0.0 0.0 2 0,0
£ 0.0 0,0 & 0,0 0.0 & 0,0
148,5 &2 6.9
239 & 120
228 » 192
A3 & 17
! 78+ 18
g" 15.3 s+ 3.2

3y,




TABLE 15

. LABORATORY DATA OF MALE RATS FED COTTON LINTERS

e+

NOSE 10 % IN FEEN (BeN) RASELINE
) (TeN) TREATMENT
; N & NUMAER OF RATS
S 0 (Be &) WKS & (T &) wKS B (Ve &) WKS 13 (Ce &) !
| ERYTHROCYTFS (uobnman 2.78 & L7 Tell & Y'Y habh o Y 7.39 ¢ a8 '
f WEINZ HOOLES, 0.0 & 0.0 0.0 & 0.0 6.0 8 040 0.0 & 0.0 5
AETICULOCYTESy & 1e6% 8 20 145 ¢ .0) 1edi 2 426 1.18 ¢« ,09
2 WEMATOCHIT. VOL. % 49,3 s 2.6 54,5 ¢— o9 Sl.0 ¢ 1.4 4.8 ¢ L9
' HEMOGLORINY GM, ¥ 16,0 & .2 16,7 ¢« .34 16,1+ oW 15.0 & .2 i
“ETHEMOGLORINe ¥ 0,0 & 0,0 0.0 & 0.0 L uh 0.0 + 0,0 g
: MCV+ CURIC WICRONS 35,0 & 5.1 Tl s 2.9 79.5 & 3.5 60,7+ 1,7 3
MCHde MICHO MICHOGMS, 26,3 & W4 23.7 & 1o 25.1 ¢ 1,1 203 ¢ JMaf ’
MCHECs GM 3 28,6 & 1,0 30,7 & o7 .5 s L2 33.5 &+ .2
PLATELETS cxxos/nna) T2 8 o6 6.0 ¢ 1.0 6.6 2 o8 $.6 s W2 1
LEUKOCYTES (xnoaznua» 19.2 & 1.1 23.9 & 1.2 23.0 & Lo $.5 s 1.8/ -
NEUTROPHILS, ¥ 7.0 8 1.6 9.8 ¢ 1.0 8.5 &+ o9 22.5 + .9/
LYMPHOCYTES. ¥ 92.0 & 1.1 8T.3 8 1.8 90.5 2 5 75.3 &+ Jd.6a/
, JANDS % 0.0 &£ 0,0 0.0 ¢ 0.0 0.0 & 0.0 0.0 & 0.0
! EOSINOPHILS . ¥ 0.0 & 0.0 1.0 & N3 «% 2 «d 1.0 ¢ Y
) FASOPHILSe B 0.0 & 0,0 0.0 & 0.2 0.0 2 0.0 0.0 & 0,0
E WONNCYTES. % 1.0 8 o6 2.0 & o7 W52 W3 1.3 e .3
X o ATYPICAL. B 0.0 & 0,0 0.0 ¢ 0.0 0.0 ¢ 0.0 0.0 2 0.0
g " NUCLEATED WRCe ¥ 0.0 & 9.0 3 2 3 0.0 ¢ 0.0 0.0 ¢ 0,0
i1 GLUCOSE (TASTING)s MG ¢ 110.8 & 10,8%
$6OT+ IU/L 86,3 s 7,7
‘-g SGPTe U/t 3.8 s 2.3
1 o ALK. PHNS.y TU/L 9 s
!% - CHOLESTEROLs MG # : 83 s
%, ; ; BUNe MG % 17.8 & 2.7
.i ; ENTRIES ARE MEAN & STANDARD ERROR . )
& ; ! a/ Significantly different from the baseline level (Dunnett's multiple comparison proeoduu?-/).
” T e b/ Significancly different from the controle at the raspective time interval (Dumnett's multiple cowparison procoduro-]-/). .
s
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3 k]
(X0 /M%)

ERYTHROCYTFS
HEIN? ROUTES, %
RETICULOCYTES. %
HEMATOCRIT, voOL, ¥
NEMOGLORIN, GMe ¥
ME THEMOOGLOR [N +
MCVe CURLTC MICRONS
MCHA . MI{CHQ MICROBMS,
MCHECs GM 3
5 3
PLATELETS (x}0 /WM )
3 3
LEUKQCYTES (X190 /MM )
NEUTHOPHILS. %
LYMPHUCYTES. 9
2ANDS. ¥
EOS[NOPHILS. *
argnPRILSe +
MONNCYTES 3
ATYPICALs ¥
NYCLEATED RHCe #
GLUCOSE
SGOTs Tu/L
SGPT. lU/L
ALKs PHOS.e UL
CHROLESTEMOLY MG 3

HUNs MG ¥

(FASTING)s MG »

TABLE

16

LABORATORY DATA OF MALE RATS FED NC

008¢

wKS 0 (Be o) ws 4
B8 & ola 7.51
0,0 ¢ 0.0 0.0
217 &+ %8 .99
49,0 & 3.0 53.0
16,3 & ¢ 16,2
0,0 ¢ 0.0 De0
23,7 & S.l T0.4
26,5 & W1 2144
29.5 2 1. INLA
T.7 & 1.5 Ted
22,9 &2 1.9 22.%
10,3 2 1.8 8.5
99,0 &+ 2.1 0.0
0,0 & N,0 0.0
5 S 1
n.0 & 0.0 n,o
3 2 3 o3
0.0 £ 0,0 0.0
0,0 & 0,0 0.0

ENTRIES ARE MEAN ¢ STANDARD ERROR

&/ Sigmificantly different from the baseline level (Dunnett's multiple comparison procedured’).

34

1 % IN FEED
(Te &) ues ]
P TY 6.96
e 0.0 0.0
PN TY 4 1,29
s 2) %0.%
PO .Y Y 16.1
& 00 0,0
e 1.1 4 12,6
PN U 23.2
s 5 2.0
. ) 8.9
e ol 20,4
L o9 1.3
3 o7 91.%
e 0.0 0.9
P .9
s 0.0 0.0
(3 el 5
s Ne0 0.0
2 0.0 0.0

(BeN) BASELTINE

(ToN) TREATREN
N = NUMBER OF

(Te &) wKS 13
ST Y U A0S
L 0.0 0.0
L W22 1.0
s la2 6.5
PO ¥ 1 15.5
s 9,0 0.0
£ 1,08/ S7.4
+ .28l 19,
e .1 33.6
s .2 5.4
s W7 9.8
s 2.2 28.9%
[} 49,0
L 9.0 0.0
L B 1.0
s 0.0 0.0
s 2 1.%
s 0.0 0.0
e 0.0 0.0
136.3

187

1ns

%8

7%

16,8

T

RATS

(Co &)

13

L4
-

1o

i i 1 ). 1" »

te

[ T L N LI L 1 4 [ L L4

{e

24/

0.0
L0928/
.5

0.0

L1

L

12

1.3

s S Btnd. DR IR




TABLE

17

LABORATORY DATA OF MALE RATS FED NC

00SE 3 8 IN FEED (Aet) AASELINE
(T<N) TPESTUENT
N 3 NUMBER OF Q4TS
ws 0 (Ae &) WKy 4 (Te #) 8 (T, &) wesS 13 (Te &)
ERYTHROCYTES (:|n°/n~3) 5.70 & .09 6.03 & 188/ 65,99 ¢ ,148/ 7,15 & L1868/
HETMZ BODIESs % 0.0 ¢ 0.0 0.0 & 0.0 0.0 & 0.0 0.0 & 0.0
HETICULOCYTESs % 2,322 .8 1.0 o o128 99 5 168/ 1.07 ¢« .0n%/
HEMATOCKIT, vOL. % 46,0 & 1,0 S52.0 o «a/ 50.5 ¢ 1,78/ sbow ¢ LB/
HEMOSLOHING GM. % 3 14,2 & 1 15.7 & .18/ 16,2 & Jo8/ 15,9 & o188/
METHEBOGLOIING 0,0 & 0,0 0,0 ¢« 0.0 0.0 2 0,0 0,0 = 0,0
MCVe CUMIC wICONND 80.8 & P43 75,1 & Lok 73,3 ¢ 1,48/ 60.3 » 18/
MCHH. MICHQ MICHOGMS, 26,9 2 3 22.7 + .54 23,5 8 o4 20,6 & .48
MCHACs GH % ' 30,9 & .S 30,28 o6 2.1 5 .1 e 2 2%
PLATELETS ulns/w:t 6.7 & S Seh o .6 T.9 ¢ o7 5.8 9
LEUKOCYTES (‘103/"”4' 21.2 3 2.8 23.2 & 1.6 2009 3 .A 8.3 = .98
NEUTRGPHILS, 3 7.0 2 1.9 9.3 ¢ 2.1 11,3 ¢ 1.8 16.0 ¢ 1.5/
LYMP=OCYTES . # 92.3 2 .9 9040 & 240 AT, s 2.1 82,5 + 2.1
3ANDSe 3 0.0 & 0.0 0.0 ¢ 0.0 0.0 ¢ 0.0 9.0 & 0.0
EQOSINNPHILS. B I I | 3 3 1e3 2 .4 1ol & o4
IASOPHILSe % 0,0 2 0,0 9.0 & 0.0 0.0 & 9.0 0.0 ¢ 0.0
MONOCYTESe % S5 & 5 5 o P} 0.0 ¢ .0 S o )
ATYPICAL: ¥ 0.0 2 0.0 0.0 & 040 7.0 £ 0.0 0.0 = 0.0
NUCLEATED wACe ¥ 0.0 £ 0.0 0.0 2 0.0 0.0 & 0.9 0.0 ¢ 0,0 i
i GLUCOSF (FASTING) s " 2 124.5 ¢ .7
1 $60Te fu/iL 78.5 & 3.}
1 SGPTy U/t 218 5 2.4
ALK, PUNS,y TU/L 51 2 F3
CHOLESTEHOL. MG & %% s+ &
o UM MG # 16,8 5 T
Ei ENTHIES ANE MEAN & STANDARD EWPNR
L a/ Significantly different from the baseline leve) (Dunaett's suitiple comparison procodur ’).
l' b/ Significantly d4fferent fiom the controls at the respective time Intervel (bunnett’'s aulctipla comparison procedured /)
r'"‘
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i TABLE 18 i
] LABORATORY DATA OF MALE RATS FED NC g
f, " 1
rOSE 10 % In FEED (BuN) RASEL INE ' P
: (TeN) TREATMENT S
3 K s NUMBER QF RIATS 3
‘ - “KS 0 (Re 4) wKS 4 (Te &) WKS 8 (T. &) WKS 13 (Te & ;11
: ERYTHROCYTES (X190 /nv ) 5035 s L8 6eas o o168/ bes8 8 208/ 7.35 s Liad/ A
{ HETNZ AODTES. % 0.0 & 0.0 9.0 £ 0.0 0.0 & 0.0 0.0 2 0,0 . %
; RETICULOCYTES, % 2.90 2 ,9% 98 ¢ ,19 1.27 & ,2% Ao 2 L0998/ ?
: NEMATOCHTT. vOL, * 6,88 1.8 sa,7 s 2.7 2,0 & 1,0 8.3 5 L6 ]
i REMUGLOWIN. GM, & 13.7 5 .8 16,6 5 14/ 15.5 ¢ 18/ 15.5 ¢ .28/ § f
; “ETHEMOGLC INe 3 0.0 & 040 12 s o8/ 0.0 & 0.0 oor b f_:
i MCVs CUAIC wICHONS 83.7 & 2.% 41.72 & .8 75,8 4 1.6 stee s o5 1
: MCHE» MICAO +.1CROGMS, 25.6 & 4% Eaa0 2 L5 2.1 2 .9 21,1 ¢ 34 i }1
: . MCHBCe M & ] 30,6 5 L3 29,3 ¢ 1. N s o8 TR S Y 1) : f
: § PLATELETS (x10 /ww ) 508 2 1.3 S.7 s W3 5.0 & 1.2 422 .8 3
% ’ LEURQCYTES (llOJIMHJ) 19.8 & 2,1 23,) 2 2.2 19.8 2 1.7 5,8 ¢ 1,08/ ! ;
‘ NEUTROPHIL Gy & 7.3 2 1.3 8.5 ¢ 1.0 7.0 & 2.3 2%,0 ¢ 4,38
4 LYMBROCYTES, & 9.4 1 2.9 M. £ 1.0 92,0 ¢ 2.5 3.8 2 4ons/ } J
A SANDOS, 3 1.0 & 0,0 0.0 & N0 0.0 2 0.0 .0 & 0.0 : 3
EOSINOPHILS. & I P 1s0 & 6.0 1.0 ¢ .4 B I I
HASOPMILS. & 0,0 & 0.0 5,0 & 0.0 0.0 ¢ 0.9 3.0 5 0.0 : f
, AONOCYTES, % e .3 2.0 & 0.0 0.0 &+ 0,0 % BT 1 )
1 ; ATYRICAL, ¥ 0.0 ¢ 9.0 D40 2 0.0 0.0 £ 0.0 0.0 & 7.0 )
i é NUCLEATED PRC. # 0.0 & 0.0 De0 & 0.0 0u0 2 0.0 0.0 & 0,0 ! i
! GLUCOSE (FASTING), MG 124,3 & 4,0
i { S60Te 1U/L 106 5 2 QFI g
l | S6PT. U/ 2.3 ¢ e.s B
w’\ ‘ MK, PHDS.e [U/L , 532 8 . ‘
! i CHOLESTERDL, MG ¥ 55: 8 ﬁg .§
b ' AWNe MG o 18,0 ¢ .8 ‘ ;.“
ENTHIES AME MEAN o STANOAKD ERANR ‘ B . ‘ ] ¢
‘

'\ ¢ a/ Significantly diffetent from the bussline level (Dunnett's sultiple comparison prouduu?./). ;
j ) b/ Significantly differunt from the contzrols st the respective tims interval (Dunoett's muitiple cowparison procedure’ ),
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LABORATORY DATA OF NORMAL CONTROL FEMALE RATS FOR NC

EP——E Gl S kv e e

TABLE

ERYTNROCYTES (xloalnnj)
~E (N2 BODIES. »
RETICULOCYTES 3
HEMSYOQCRITe VOL. ¥
HEMOGLOA NS GM, &
METHEMOGLOBIN,. »
MCVe CURIC MICAONS
MCHBy MICRO MICROGMS,
MCNHCe GM 3
$ 3
CPLATELETS (X100 /MM )
LEUXKDCYTES (xxos/nua)
NEUTROPHILS, &
LYMPHOCYTES, 4
“ANDSe
EUSINOPHILSY %
JASOPRILS. »
MONOLYTESs ¥
ATYPICAL, ¥
HUCLEATEY FRCe §
GLUCIOSE (FASTING) ¢ MG
SGOTy fusy
TGPT, fu/L
ALK, #HOS, ¢ TU/L
CHOLESTEROLy MG 3

CUNy HC &

&.16
9.6
2.17
“2.3
14,3
N.0
68,7
23.2
33.9
7.2
16.%
11.3
a7.0
0.0
1.5
0.0
o3
0.0
0.0

ENTHIES ARE GEAN & STANDARD ERROR

(Be

fid

| L L L O 4

1

te e ¢

t*

(L] [C) t* te (34

1.

)
«12
0,0

53

.2
0.0
2,8

]
1-%

ok
26
3.7

3.4

9
.0
o3
3,0

0.0

19

W &

6456

»99
50.5
16,2
0.0
7.1
24.9
32,2
S.A
18.7
.3
93.8
0.0
3]
0.0
-]
0.0

0.0

{Ce &)

o

q*

e

te

PO T T S S T DO U L

e

23
0.0

.19
1,38/
38/

.0

%
b
b
3.3
1 ¥4
1.7
0.0
3
6.0
o3
0.0

0.0

LILL

0,0
1.5¢
.7,8
15,1

0.0
p2,7
26,1
31.6

17.8
9.8
48,8
0.0
1.0
0.0
5
0.0
0.0

(9en) BASEL INE

(Cent CONTROL

N = NUMRER OF RATS

(Co &) W13 (C. &)
LAY 1) 6.99 & ,22
2 0,0 0.0 & 0,0
s .08 TS ISR YY
PR Y Y 43.0 & L8
. h 15,0 ¢ ah
s 0,0 3 2 3
s+ S.08f 61.6 s 1.2
s 1.3 21.5 2 23
13 3 35.0 3 b
s W) €9 s o8
e 2,1 $,4 5 L8/
& b4 18,0 ¢ 2.4
¢ 6,8 80.3 & 2.8
+ 0,0 0.0 & 0.0
13 6 S 3
s 0,0 0.0 £ 0.0
s 1 1.3 & )
£ 0.0 Gel & 0.0
[ Y] 0.0 ¢ 0.0
107.8 &+ 8,1
84,8 & 16.3
3T8 ¢ ),9
¥y 9
Ty 9
15,0 & 1,7

8/ 8igaificantly differeat from the beseline level (Dusnatt's sultiple comparison procadur. 1/).
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TABLE 20 g [

LABORATORY DATA OF FEMALE BATS FED COTTOR LIMITRS

pose 10 % IN JEEN (8:M) BASELINE
(TeN) TREATMENT
N ® MUMRER OF RLTS

VKO (Be &) s (Te &) e (T, &) WK 13 (7. &)
ERYTHRNCYTES (llobmna) Sa8A & »19 5.86 & 6% SeTR o 21 (_».72 s 20
HEINZ BODIES- W © 0.0 & AD Je0 & 0.0 0,0 ¢ 0.0 0,0 ¢ 0.0
RETICULOCYTESe 8 385 ¢ 1% SR & o8 Y 1098 e L5y 1,60 o L1348/
MEMATOCRIT vOL. % «5.0 £ 18 48,0 &2 Wf 4R,0 2 1,2 02,0 & 9
HEMORLOBING GM, & 13.6 2 .4 le,o 2 48 14,9 & .3 14,6 2 .3
\ METHEMOGLOATNG % 0,0 2 0,0 G.0 2 0,0 IS EPS ¢ 0.6 2 0,0
f MCVe CUBIC WICRONS 76,7 & 3.8 88,5 ¢ 10,1 83,3 ¢ 2.3 2.9 ¢ 1.3
; MCHY, M{CRO MICROGMS. 23.2 2 .7 29.9 ¢ 2.04 2%.8 ¢ .9 21.8 & .4
3‘ ? | MCHECs G™ & s 30,3 5 0,2 2 1.1/ UMD 2 3 36,6 5,38/
v PLATELETS (410 /40 : Teo o 9 [ SN | 6,1 2 .2 898 ot
3 % LEUXOCYTES 'xloj/nn‘) 131 s 241 19.9 ¢ 2.4/ 27,0 s 1.1 8/ S.2+ .6
3 ; NEUTROPHILSs ® 15.8 ¢ 2.8 LIPS 7.0 2 .04 11,0 = 3.)
f ‘ LYKPHNCYTFS: & 88,0 ¢ 7,3 e 3 % 92,0 & 1.28/ 8y, & 2,2
g‘ } BANDSs & 0.¢ & 0.0 0.0 & 0.0 9,0 2 2.0 0.0 5 0.0
g‘ i Z0SINDPHILS. ¥ - RS AL | RPN 1.3 2 .8
P 3ASIPNILSe % 0.0 & 0.0 0.0 & 0.0 0.0 + 0,0 340 5 040
% i NONOCYTESs & 3 3 1.0 s o7 3 s 3 s .3
F‘ § ATYPICAL, % 0.0 & b.0 0.0 5 0,0 0.0 & 0.0 0.0 2 9,0
§ ! NUCLEATED R4C, & 3 .3 0.9 & 0,0 0.0 & 0.0 0.0 & 0.¢
g:‘ GLUCOSE (FASTING)+ MG & 126.5 2 6.8
{,:-' $GOTs fU/L 105 & 18
f ' $GPT, Tu/L 210 s 2.4
: f ALK, PHOS.s lU/L 39 s 3
' f CHOLESTEROLs MG % 2. 6
AUN, MG % 12.8 &+ .8

ENTRIES ARE MEAN + STANDARD ERROR

; a/ Significantly different from the bsseiine level (Dunnett's multipla comparison prouduuy ).
; . b/ Significantly different from th. coutrols at the respeitive cime intervel (Dunnett's multiple comparison ptocoduuy ).
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TABLE 21
LABORATORY DATA OF FEMALE RATS FED NC
i . pose 1 & IN FEED (BeM) BASELINE
| (ToN) TQEATMENT
P N s NUMBER OF RATS
w0 (Be &) UK 4 (Te &) WK 8 (Ta &) WK 13 (T« &)
EAYTHROCYTES (xloeﬂml) YT LR .05 .53 2 «30 6,11 3 'S T.2% & 1S ;
“EINZ BODIESs 0.0 2 0.0 0.0 s 0,0 0.0 s 0.0 0.0 & 0,0 ;
RETICULNCYTES. & 2.11 & .87 1.42 5 408 1A s .22 1.33 2 .09
HEMATOCRIT, VOL. $ 48,0 2 .6 50,0 2 1.54/ “8.5 2 o9 45,0 ¢ 7
WEMOGLOBINe 6M. © 16,5 & o1 16.0 ¢ o3/ 156 & o6g/ 15,6 & o1
¥ETMENOGLOBING & 0.0 & 0.0 0.0 &+ 0.0 0.0 & 0.0 8.0 + 0.0 k
NCY.: CUMIC MICHONS 68,9 2 . b 76.8 & 2.1 79.9 s 3.28/ 62.1 3 .88/
: HCHZe WICRO MICROGMS. 22,5 s .2 26046 52 9 26.7 + 1,08 21.5 ¢ 3
' MCHECe GM B 3228 .2 3241 8 o5 32,2 5 o 3.6 s Iy
E PLATELETS ums/ms) 9.8 2 e Y ) 7.8 2 ¥ 5,32 JSY
1 LEUKOCYTES u:olm-zn 16.1 & B8 20.6 ¢ 1,98 19,1 & .5 .68 .98
VEUTROPHILS+ % 5.3 8 il 6.3 & 2.9 4.0 8 1.2 12.8 ¢ 1.0 ¢/
LYMPHOCYTES e 3 92.5 & 1.6 92.5 &+ 2.8 94.8 2 1.9 H8.S 2 1.0
BANDSe ¥ 0.0 s 0.0 0.0 & 0.0 0.0 2 0.0 0.0 s 0.0
EOS(MOPHIL S, & 2.3 s 1.1 A S 0.0 = 0.0 o5 s 3
dASOPHILSy % 0.0 2 0,0 ' 0.0 8 042 0.0 ¢ 0.0 0.0 s 0.0
wONOCYTES, & 0.6 & 0.0 o5 & +5 1.3 ¢ oA -2 <3
ATYRICALs ¥ 0.0 s 0.0 0.0 & 0.0 0.€ = 2.0 2.0 & 0.0
NUCLEATED RBCe % 8.0 ¢ 0.0 0.0 & 0.0 0.0 2 0.0 ds 3
GLLCOSE (FASTING)s MG 3 » 110,3 &« 2.2
3607, TU/L 50,5 & 4.0
sGPTs IU/L 34,0 ¢ 5.0
ALK, PNGZ. e UL 51y 2
CHOLESTERDLs MG % 89 o &
3UNe M3 % 16,8 & 1.0

ENTRIES ARE MEAN g STANDARD ERROR

o/ significently diffazent froa the baseline laval (Dunnecct'sy multiple cosparison proccduro-y ).
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TABLE

22

LABORATORY DATA OF FEMALE RATS FED KC
‘NOSE

WK 0
LS 3
ERYTHROCYTES (X10 /MM 6.2%
MEINZ BODIESe % . 0.0
RETICULNCYTFS. ® 3.25
HEMATOCRIT VOL. & *5,3
HEMOGLOHINS GMy & 13.8
NETHEMOGLORIN. » 0.0
4CVs CUSMIC WICRONS T2eh
MCHise MICRO MICRGGMS. 22.1
MChCe GM & 30,5
5 3

PLATELETS (x]1n /W ) 8.7
LEURDICYTES (xlo3/"”3, 16.5
NEUTROPHILSe 3 13.0
LYMPHOCYTESy % 85.5
SANDS. * 0.0
SOSINOPMILS. * 8
BASAPHILS, @ 0.0
YONGCYTES, & 8
ATYPICAL. & a0
NUCLELTED H3Ce & 0.0

GLUCOSE (FASTING) v MG *
$60T. IU/L

SGPTy JU/L

ALK, PHOS.s [U/L
CHOLESTEROL + MG %

BUNs M3 %

ENTRIES ARE MEAN s STANUARD EKRUR

a/ Significantly different from the baseline levul (Dunnett's muitiple comparison procedur

(Be &)

[ L L A A L L

qe

* ¢

”»

T T T

(L]

0.0
23

.4
3.7
0.0

o5

8
2.0

0.0

WK 4
Bebl
0.0
« A9
L LAY

15,9

76,0
23.9
1.4
6.
16.1
8,5

90.0

1 % IN FEEN
(Te 4} WK s
L W24 65.27
£ 0.0 0.0
PR Y Y 1,82
s 1o/ 48,5
e .58/ 15,3
L 0.0 0.0
¢ 143 7.5
s e/ 24,5
s .d 3.5
s J2af 6.5
¢ 1l 14,7
L 2.5 L1%)
L 2,9 972.3
¢ 0.0 0.0
L e .5
£ 0,0 0.0
: o3 .8
s 0.0 0.0
£ 0.0 0.0

e [ L 14 114 (14 (L4 (13

4

1o o je " 114

114

=

RN RASELINE

iYoeN) YREATMENT
N = NyUmMBER OF PATS

3/).

WK 13
6493
0.0
1,13
43.5
15.2
0.0
524%
22.0
35.0

1.0
9,0

124,8
79,5
1.0

L3
"

14,8

(Te &)

L4
-

*

[ LI L A4

112

(]

{e

e

ie

(L4

1

e

tLd

12

5
3.5

3,9

b/ Significantly different from the controls at the respective time interval (Dunnett's multiple comparison procodurol/).
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TABLE 23

LABORATORY DATA OF FEMALE RATS FED NC

e e e e e oA A Ao

NOSE 10 & IN FEED (AN} BASEL INE
(TeN) TREATMENT
N = NUMBFR OF RATS

WK O (Be &) W4 (Te &) WK 8 (T &) WK 13 (Te &)
ERYTHROCYTES «xnoszuua» S.T2 & .1s 6.58 L W28 5.90 & .34 7,30 s L268
HEINZ BODIESs % 0.0 & 0.0 0.0 2 0.0 T 0.0 ¢ 0,0 0.0 s 0.0
NETICULOCYTES, 3 3.45 & L7 98 s L1208/ 1,27 &+ 1%/ 1.6 s 158/
HEMATOCRITs VOL. 4 5.0 & .8 se.t 2 218 7.5 5 1,0 43,3 2 .8
REMOSGLOBING GM, # 13,0 ¢ L2 b/ 15.8 ¢ o8/ 15,3 & ,e8/ 15,6 & .32/
METHENOGLOBINs * 0.0 & 0.0 0.0 ¢ 0.0 ‘ 0.0 ¢ 9.9 0.0 ¢+ 0,0
MCVs CURIC MTCRONS 78.8 ¢ 2.1 R2.6 s 4.7 8]1.3 3 4,9 59,0 ¢ 2,08/
“Chds MICHD MICPOGMS, 22.8 & .1 2602 5 o7 26.1 5 1,13/ 2141 & .6
MCHHCo GM & 29.0 ¢ L Th/ 29.8 & 1.2 32.2 &+ 1.1 5.5 + .38/
PLATELETS (x10° sy 6.5 2 o6 5.3 s 42 S.7 s .S 5.1 & .5
LEUKDCYTES (xloaznnJ) 10,2 & 1.0 22.1 & 1.9g/ 15.9 & 1,94/ 6.0 2 7
MEUTROPHILS. # 1165 & 1.5 sf 2 les 6.8 ¢ 2.9 12,8 + .S
LYMIPHOCYTES. ¥ 87.0 & 1.9 4.5 & l.3a/ 33,0 ¢ 2.9 A,3 ¢+ 1,3
SANDS. 3 0.0 ¢ 0.9 0.0 & 0.0 S 0.0 ¢ 0,0 0.0 + 0.0
EOSINOPHILSs % S5 5 «3 2 el e3 = 3 2¢1 ¢ 1,0
BASIPHILS. % 0.0 & 0.0 0.0 ¢ 0.0 0,0 & 0,0 0.0 & 0.0
UONOCYTFS. % 1.0 2 .6 W€ 2 W3 0.0 & 9.0 - B |
ATYPICALY & 0.0 & 0.0 0.0 & 0,0 0.0 ¢+ 0.0 0.0 ¢ 0,0
NUCLEATED RAC. » 0.0 &+ 0.0 0.0 £ 0.0 0.0 ¢ 0.0 0.0 &+ 0,0
GLUCOSE (FASTING) e MG ¥ 111.8 & 3.4
S60Te Tu/L RB,U & 8,2
SGPT, Tu/L - 37.3 ¢+ 8.3
ALK, PHOS.y TUZL 39+ 1
CHOLESTEROL s MG % ' 71 ¢ 12
dUNs MG % 13,0 & 1.5

ENTRIES ARE MEAN s+ STANDARD ERRQOR

a/ Significantly ditferent from the baseline lavel (Dunnctt's multiple comparison proc«luny). i
b/ Significently different from the controls at the respective time interval (Dunnett's multiple comparison procedurel’).
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TABLE 24
ABSOLUTE AND I'ELATIVE ORGAN WEIGHTS OF RATS FED NC FOR 13 WEEKS ‘
3
% Terminal Body M
¥ % NC Weight Absoluts Organ Weight /gm) i
i Sex in Feed (xm) Liver Kidneys Sploen Testes Ovaries Brain BEA ¥
3 Male 0 5408262/ 152021 3.5420.11 0.7820 2.9520.16 1.9420.02 -
; 10c2 4202128/ 11.6:0.42- 3.0820.11 0.6120. ozs/ 3.3520.06 1.9220.06 :
: 1 545230 14.220.8 3.36:0.09 0.81#0.05 3.2820.05 1.8920.12 «
% 3 520227 13.520.6 3.6520.21 0. 7420, 02 3.3420.18 1.9020.07
10 w625/ 10,4038/ 2.80:0.128/  0.6420.01S/  3.18:0.07 1.9820.03 -
Femzle 0 306+6 8.420.6 2.1620.09 </ 0.59+0.05 0.15320.035 1.97+0.08 - j
10C 29826 8.120.3 1.4920. 245 0.5810.01 0.13220.005 2.0520.03 k
: 1 283:11 6.920.3 1.75:0.10 0.5120.05 0.12720.018 1.8820.04 -
§ 3 330214 8.620.4 1.9320.08 0.5520.02 0.12820.014 2.0020.03 i
: 10 304215 7.920.6 1.8320.25 0.5520.06 0.14320.022 2.0120.06 -
. ]
5 Z RC Relative Organ Weights (gm/100 gm Body Weight) -
¥ Sex in Fred Liver Kidneys Spleen Testes Ovaries drain
; Male 0 2.8020.13 0.6620.04 0.144+".003 0.5520.02 / 0.3620.01
10¢ 2.7620.05  0.7320.02  0.145:0.006  0.80:0.04S 0.4620. 028/
B 1 2.6320.17 0.6220.04 0.15120.013 0.6120.03 0.35+0.04
i 3 2.62+0.18 0.7120.04 0.14420.005 0.6520.07 0.3720.02
* 10 2.3320,06 0.6320.03 0.14320.004 0.7120 025/ 0.6420.012/
Female 0 2.7320.20 0.7120.03 0.19420.016 0.051%0.012 0.6420.03
: 10C 2.7220.06 0.5020.089-/ 0.19420.003 0.04420.001 0.6920.02
H 1 2.43%0.08 0.62+0.01 0.18020.015 0.04520.006 0.67£0.01
i 3 2.6020.01 J.5920.02 0.16820.005 0.039:0.003 0.611C.02
10 2.58£0.08 0.60:z0.08 0.18020.012 0.04720.007 0.6620.02
5 % NC Relative Orgen Weights (g»/gm Brain Weight)
1 Sex in Feed Liver Xidneys Spleen Testes Ovaries
.»’ Maie 0 7.820.5 1.83:20.06 0.4020.02 1.5220.07
] 10C 6.120.3 1.6120.07 0.3220.02 1.7520.07
1 7.720.7 1.8120.15 0.4420,05 1.7720.15
3 7.2%0.5 1.9320.1¢6 0.3910.02 1.7620.13
E 10 5.320.29-/ 1.42+0.07 0.3220.01 1.61:0.02
T sule 4.280.2  1.1020.04  0.30:0.01 0.076£0.015
' e 4.020.1 0.7320.12 0.2820.00 0.06420.003
‘f f 1 3.720.1 0.9320.03 0.27+0.02 0.06820.009
‘ 3 4.320.1 0.9720,02 0.28:0.01 0.06410,007
i 10 3.920.2 0.92:0.13 0.2710.03 0.07110.010
iy
f

entton linters.

ir rats.
.zom controls (Dunnett's multiple comparison proeoduroél).

a/ Cotton control; fed 1(
b/ Mean * standard error
¢/ Significantly differ

42

i PR VRPN, (VIR SC TP TRUNSIY T T TN LENE S ¥ S ST ST RS L




o

o o e e T VT

‘pafiew = ¢ (IIVARPOW = 7 PITW = |

"8I53UT] WOII0D JO YOI PPI :]0AIUOD UOII0D [q

WU YT PTITET T 8T 9| T T T eF
nnnnnnnnnn 4|s|n|||||L|||n:|||nﬂ
uuuuuuu P P
T 0 I T A
1 1 T 1 1
_— e e hm e - —— d m ke e - — e e e e wmm o m w—
1 1 -
||||| e R L T
T ot ot 1o 1 T 11
e e LT T
B S S S A S e B S iy S St
I s Sy R S S S
e e T Syt
961 C6T T6T T6T | 911 SIT 711 TIT | 961 S6T Zev TET
% /01 0

18UOY8¥] 3O £37i9A33 /®
*JPWIOU DI9M PIISF] IOU SINIET]L

B i I e T i N —

or3vl H /M
moixawy 2uog
lllll n138eTdodXy pue o731847 —
PFoady]
ToTIFITP oTATed ~
s}3Taydau
IBIITISIIIUT DTUOIYD [BOO4F

AsupTy

A e Amm A e S wm— — w— — o o e

uaMmNy Uy swromuld
UTISNUI IFae]

i i T T T T ——

8780X08U #0031
UOFIBIITFIUT [0 I@9TINUOUOK
3A7T

UOTIeUmIRT JUT OJUOCIYD 1¥I0]
puel8 fieajies Laej1ixewqng

o ewn cmm Gum s eme e S mwp wwn o

Teuomnoud ouUTING JTUOIYD €503
Sung

i I et e I S ep— -

STITPAROOL
3ae9y

i T T T

§917980X Teuy3Iey
aky

:"ON 3T3 UOT R

i

pee3 uy %) 98od

S¥43M €1 ¥04 ON (ad SIV¥ TIVW NI SNOISAT ANSSIL 40 XIVWANS

R
e

194

J18vVL

[ o~

43

F—

o i D e A 2 Bt SR T

SRR L tcii k¥ St itk




o D i diania¥s o, ol ‘ G e s T .,,‘, . \.‘-..h\\i‘\i\,i(.e)}.\P..rx(.i\I..‘

——— bt~ Rt 3 [ t oo b mren [y —— b e EERTN . . o . . . . . .

“8133UI] UO3I0D jJO %1 PIF {yea3uocd uoilzo) /g
‘PINABW = ¢ 9JBIGPOW = 7 PITW = | :SUOTSF] JO AJTIvAlS [®
‘IPWIOU 919M PPISI] I0U SINSBSY]

o13%I AWM s
AO1IVy duog
TOTIBAFTTIUT 1190 Ive]ONUCGON
suRapy
R A A St St S It € {52 ¢ 11 -3 ¢~
UOTIIIP dJAied
1 1 813311uydau
19J3738193U] dFuCAYD [¥I04
Loupyy
T T T T T - T--===-"r-==--- ﬂllﬁlllllllll.muﬂ.ﬂm.ﬂlumuma.mﬁl
uy3zsejul :Vawe]
~F T~~~ = - 1|~ SoTaRaI(TEITe5 TWe15nG0TOR —
IDAYT g
. I s i vTuounsud JujinE JSFuoIY)
_ . Sorry
lllgIlllllllllllll_llllllll lllll T T T T F1I1PIOCAR —

h 3JaedH

T T r---=-T-T-=-=- - T T ~ XyjwdodrrsIoTioy)
1 SujuendIyl 1wILID;
1 [4 viseidaediy Tey1oylTdy
I 1 . 1 83339801 TRUTIIY

243

e |
-t
-

-
o
- -
:
~ -
e |
- e
| i
-
-
|

=

96 S6C ¢6¢ 16¢ |91z <1z iz 11Z |96z <€z z€z 16z| "on Iv% /5700891

01 Ihoc.— 0

(pe23 u} %) 9soq

SXdAM €1 804 ON 034 SIVY F'TVWAd NI SNOISTT ANSSIL 30 XHAVWWAS

97 IV




A et SR o s ¢ i a e - -~ - - -
I
b
b TABLE 27
‘ : NUMERICAL DISTRIBUTION OF CHROSOMES FROM RATS FED !
j 10% _NC FOR 13 WEEKS %
L ‘
o Number Chromosome Frequency Tetraploids
o Treatment of Rats 40 41 42 43 244 Per 100 Cells ‘
f Cotton Control®/ b :
Lymphocyte 3 6 2 a4 1 o cua7+o0.17¢
Kidney 3 6 3 38 2 1  2.83 4£0.93 :
- ]
I Kidney 3 4 6 38 2 0 1.17 +0.17 1
‘ a/ Fed 10% of cotton linters.
,: b/ Mean }
i ¢/ Mean + standard error.

. T
o amns
. .

g s

&5




,m.w__,__._._,,,,___________
g
g o
&
»
®
N

Number

Treatment of Rats Geps per 50 Cells _ _Per 50 Cells __ Pe; 30 Cells

" Chromatid Brenks and Translocations Total Aberrstions a

Cotton ‘
Controld ,
Lywphocyte 3 0.67 + 0.672/ 0.50 + 0.%0 1.16 + 0.60
Kidneys 3 1.00 + 0.58 0.0 + 0.0 1.00 + 0.58 |
Lymphocyte 3 1.33 +0.33 0.33 +0.33 1.66 +0.33 i
! Kidneys 3 0.67 +0.33 0.0 + 0.0 0.67 + 0.67

a/ Fed 10% of cotton linters. 3
b/ Mean + standerd error. 3
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TABLE 29

SERUM IgE OF RATS FED 10% OF NC
FOR 13 WEEKS

Sex Trecatment IRE (1Y/ml)

Male Cotton Controld/ 1,431 + 2322/
NC 1,713 + 316

Female Cotton Control 2,081 + 106
NC 2,456 + 183

a/ Fed 10% of cotton linters.
b/ Mean + standard error of four rats.
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A. Subchronic Toxicity and Reversibility

1. 1introduction

As for the dogs and rats, these studies were performed to de-
fine the nature arnd extent of effects of NC on the biological system ac
the biochemical aad cellular levels and to elucidate the dose-response
relationship in the mice fed NC for 13 weeks. The reversibility of any
adverse effects was also studied in mice after the feeding of NC was
discontinued for 4 weeks.

2. Material and Methods

The basic design and procedure for these experiments in mice
were similar to those described for rats in Section II.A.2, with the
following exceptions:

a. A total of 40 male and 40 female young healthy albino swiss

mice (Watiunal Laboratory Animals, O'Fallon, Missourl) were used for this
study. They were divided .nto five groups, each consisting of eight males
and eight females, The average weights of all groups were kept close.
The vzrious groups were fed the same diets as prepared for the rats: 1,
3 or 10% of I'C in feed, the powdered standard rodent chow (Wayne Labor-
atory Meal) alune as normal control, or 107 of cotton linters as cotton
control.

b. Mice were kept in a separate room of our rodent quarters.
They were housed four per plastic cage with fiiter tops.

Blood samples were collected by heart puncture under ether
anesthesia at termination for hematology. Clinical blood chemistry tests
in nice were not performed.

3. Results

a. General Dbservations and Weight Gain

Deaths occurred during the first week; more followed
rapidly. By the end of the second week, four cotton control males,
four cotuon control females, one low dosage wcale and six high dosage
miules ha- died. There was r.0o apparent cause for the death of the low
level wele; the remaining death: were due t" intestinal impaction.
A wad of fibers was collected, usually in the distal ileum or the colon,
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: Additionsl fibers packed to form almost entirely white pellets. Gas o

: frequently collected proximal tc the blockage. The mice showed no un- ’
usual signs until they were found dead in the worning. It was 3ually
difficult to obtain useful histopathological data. Although this effect i
was a purely mechanical one, not due to the toxicity of NC itself but ; ?
rather to its fibrous nature, it was possible that no or not enough ;
mice would be alive by the end of 13 weeks feeding. Therefore, a
number of mice from the chromic study were added to this subchroaic
study. The mice used in the chroaic study were from the same ship-
ment and identical levels of NC in the feed had been started simul-
taneously.

Total deaths included eight normal control male mice
in weeks 2, 4, 5, 9 (three mice) and 11 (two mice). In the low dosage
mice, two males died in weeks 1 and 8. In the middle dosage mice, five
males died in weeks 2 (two mice), 8, 9 and 10. In all these casas,
there were no deaths among the females. The greatest number of deaths -
was among the high dosage mice, where 17 males died in weeks 1, 2 ‘
(eight mice), 3 (five mice), 4 (two mice) and 5; 14 females died in
weeks 2, 3 (four mice), 4 (two mice), 5(four mice), 8 (two mice) ard
9. In the cotton control group, nine males died in weeks 1, 2 (three
mice , 10 (three mice), 11, and 12; 14 females died in weeks 1, 2 (three
mice), 6, 11 and 12 (eight mice).

The average body weight of the mice fed cotton linters
or various levels of NC are shown in Table 30). The other mice, non-
survivora and surplus, had similar weights. The normal control mice
generally gained weight throughout the study; some had small weight losses
in the first few weeks of study. The bcdy weights of mice fed the low (1X)
or middle (3%) level of NC were similar to those of the normal controls.
Mice fed the high level of NC (10X) had a severe weight loss in the first
; weeks. The survivors then began gaining weight; some had come close to
: normal control weight by week 13. The cotton controi mire lost weight in
the first weeks, and regained a littlc weight in the later weeks. During
the recovery period, most mice gained weight.

b2 Ll e

b. Feed Consumption

Feed consumption of the mice fed liuters or various levels
of NC are shown in Table 31. Male mice fed the control diet consumed
an average of 4.9 gm/mouse/day, while the corresponding females averaged
4,2 gm/mouse/day. Tho mice fed the low level (1X) or middle level (3%)
of NC consumed slightly more feed. Feed consumptions of mice fed 10%
of NC or cotton linters were considerably more, averaging 9.7 to 19.7
and 12.2 to 13.6 gm/mouse/day, respectively. As with the rats, these
data reflected the scattering of cotton fibers and feed about the cage.

B T
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¢c. Blood Analysis

The hematology results from the control mele mice and the
male mice fed cotton linters or various levels of NC for 13 weeks or for
13 weeks and allowed to recover for 4 weeks are summarized in Tables 32
and 33. The peripheral blood elements were not apparently altered by
NC. When compared to the normal control males, there were occasinnal
significant differences, The differences were slight, inconsistent and
of no toxicological significance.

The hematology results from the female mice are similarly
summarized in Tables 34 and 35. As with the males, the few significant
differences when compared with those of the normal control females were
toxicologically insignificant.

d. Organ Weights

The organ weights of the mice fed cotton linters or various
levels of NC for 13 weeks are summarized in Table 36. The absolute and/or
relative spleen weights of mice fed 10% of NC or cotton linters were signi-~
ficantly smaller than those of the normal control mice. Other differences
including liver and brain weights were not consistent.

The organ weights of the mice after feeding for 13 weeks
and allowing to recover for 4 weeks are summarized in Table 37. The dif-
ferences in spleen weights observed in mice fed 10% of NC or cotton iinters
for 13 weeks were not seen in these mice when the feeding of NC or cotton
linters was discontinued for 4 weeks.

e. Gross and Microscopic Examination of Tissues

At necropay, the control mice and mice fed cotton linters
or various levels of NC for 13 weeks were in good nutritionzl condition.
No gross lesions were identified in the survivors, The result of micro-
scopic examinations are summarized in Tables 38 and 39. A number of
lesions occurred in the normal control mice and mice fed 10% of NC or
cotton linters. The lesions were usually mild and included focal ul-
ceration and inflammation of the skin on the back; mononuclear cell in-
filtration and extramedullary hematopoiesis in the liver; mononuclear
cell infiltration in the pancreas; chronic interstitial nephritis, peri-
vasculitis, tubular basophilia and/or mononuclear cell infiltration in
the kidney; a few lymphoid nodules in the submucos. of the urinary bladder;
focal vacuolation (probably fatty change) of the zona reticularis of the
adrenal cortex; focal tubular degeneration in one testis; and/or ex-
tramedullary hematopolesis in the spleen. These lesions were spontaneous
and were not caused by NC. The tissue slides prepared from the mice fed
the lower levels of NC and from the recovery mice were not examined.
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4. Discussion

The male and female mice fed the low, middle or high levzls of
NC showed nc¢ adserse effects from the chemical nature of the NC. There
were welght losses and deaths in mice fed the high level (102) of K<
due =0 its fibrous physical nature. There were similar weight losses
and similar deaths in mice fed 10X of cotton linters. Deaths were due
to the blocking of the lower part of the gastrointesti-al tract by
masses of the fibers, particularly in the regious wherc the water was
removed from the chyme., Rats did not suffer from these deaths (see Part
I1.A.3.a.). Their intestines were probably sufficiently large, re=
lative to the fiber leagth, to allow continued passage of the dewatered
balls of the fiber.

Apparent feed consumption of the male mice fed the low, middle or
high levels of NC or of cotton linters averaged 4.9, 5.4, 19.2 and 13.6 gm/
mouse/day, respectively. Feed consumption of the females averaged 4.7, 5.6,
9.7, and 12.2 gm/mouse/day. As with the rats, the excessive amounts of
feed consumption for mice fed 102 of NC or cotton linters were due to
its scattering about the cage.

Feeding of cotton linters or various levels of NC for 13 weeks
did not cause any effects on peripheral blood elements or any lesions in
mice. However, 10%Z of NC or cottou linters in the feed decreased the
body weight, apparently due to decreased intake of nutritive values.

B. Other Studies

Mutagenic and immunologic studies were not performed in mice.

C. Summary

Mice fed 1 or 3% of NC in the feed for 13 weeks consumed slightly
more feed without any adverse e/fecte. High level (10Z) of NC or cotton
linters did not cause any changes in peripheral blood elements or any
legsions. However, 2 number of mice died during the study due to impaction
of fibers ir their lower intestinal tract. The survivors fed these doses
lost body weight due tn insufficient nutritional intake.
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TABLE 36

C ARSOLUTE AND RELATIVE ORGAN WEIGHTS OF MICE FED NC FOR 13 WEEKS

Terminal Body
% NC Weight Absoluce Weisht (ym)
Sex An Feed o (xm) Liver 2plgen Kidneye Hears Balo
Male 0 35.051.9%/ 1.60,0.12 0.1640.04 0.54y0.04 0.2120.01 0.4540.0} 1
10c4/ 26.851.95/ 1.13;0.15 % 0.0640.01%"  0,4740.02 0.194C.04 0.4240.02 :
1 31.8:1.3 1.4740.07 0.1340.01 0.5720.04 0.2240.0% 0.4340.03
3 32.040.4 1.3640.06 0.1040.01 0.5140.00 0.2140.02 0.4330.02 3
10 27.351.2828  1.28,0.05 0.0840.03 0.5140.00 0.2140.01 0.4530.02 ]
Female 0 26.840.6 1.25:0.10 0.1140.01 0.3940.03 0.1730.01 0.4430.00
10C 26.522.2 1.2740.13 0.13:0.02 0.38,0.03 0.1540.01 0.4140,02
1 28.3,1.8 1.35:0.05 0.0840.01 0.4140.01 0.16.0.01 0.4540.01
3 21.81.3 0.9440,05 o.os&o.oxij 0.3640.02 0.160.02 o ..ol
10 21.8;1.1 1.0440.07 0.0640.01%/  0.3440.00 0.1740.01 0.39.0.018/
% NC o Relacive Otagn YNpight (x0/10Q gp body weight)
Male 0 4.640.2 0.4550.08 1.6540.08 0.6140.04 1.3140.06 '
loc 4.240.4 0.21:0.00 €' T} 78,4004 0.7140.11 1.5720.06
' 4.640.1 0.4140.05 3gl G140 . 0.6840.05 1.3540.07
3, 4.240.2 0.32:0.06 , &I ¢5:0.92 0.6540.06 1,36;0.05
108 4.730.2 0.2920.11 ° 1 4640,09 0.77:0.02 1.6320,01%
,
Female 0 4.740.5 0.4330.05 1.4420.11 0.6410.04 1.6690.0%
10¢ 5.2:0.1 0.5340.10 1.5440.05 0.62:0.05 1.7120.11
1 4.740.2 0.29,0.02 1.4620.06 0.5640.04 1.6040,10
3 4.3;0.3 0.23,0.03 1.6740.06 0.76,0.08 1.98:0.10
10 4.8,0.2 0.29;0.03 1.5940.08 0.7940.05 1.82,,0.12
1 |
X i % NC n W ) } 1 0
s L Sex in Feed Liver Spleen Kidnevs Heart
; b Male 0 3.5.0.2 0.35,0.08 1.2040.08 0.47+40.02
: 10C 2.%0.3 0.14+0.01€ 1.140.01 0.450.08
] 1 3.40.1 0.30:0.03 1.36:0.13 0.51£0.03
[ 3 3.240.2 0.2430.03 1.19:0.04 0.49:0.02
- 108/ 2.900.1 0.16:0.04 £/ 1.14:0.06 0.42:0.01
¥ Female 0 2.8:0.2 0.2640.03 0.8740.06 0.3840.52
5 10C 3.120.3 0.3240.06 0.9110.07 0.3540,01
{ 1 3.040.1 0.18,0.02 0.91,0.04 0.3540.01
L 3 2.2,0.1 0.12,0.02% 0.8540.04 0.38:0.04
E}; 10 2.7;0.2 0.1640.01 0.8840.02 9,43.0.02
i

Cotton control; fed 10% of cotton linters.

b/ Mean + standard arror of four mice.

¢/ Significantly different from controls (Dunnett's multiple compariscn procoduul/).
/ Mean + standsrd error of three surviving mice.
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TABLE 37
{ ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MICE FED NC 13 KS
AND ALLOWED TO RECOVER FOR 4 WEEKS
o
) Teraingl Body o f
Y X NC Weight —Absolute Weighe (sm)
¢ Sex inVeed __ (gw) .. Liver Spleen Kidvaye Neart Braip B
: Male 0 35.3¢2.3%/ 1.6120.02 0.16£3.03 0.6720.05 0.280.02 0.4820.00 !
‘_ 10c4/ 32.321.4 1.4820.11 0.10£0.01 0.6620.05 0.2310.01 0.3020.01 !
: X 1 30.310.9 1.3420,07 0.1410.00 0.6120.01 0.2020.01 0.4510.01 ;
1 3 36.822.3,, 1.7020.08 0.2020.02 0.6720.02 0.2520.03 0.4720.03
10 30.021.0 1.4020.10 0.10£0.01 0.6820.0% 0.2520.01 0.5010.01 ..
) Female 0 27.820. 1.29£0.10 0.1220.02 0.4620.02 0.1920.02 0.5020.03 - %
: 10 26,02 1.23 0.07 0.43 0.19 0.48 .
; 1 27.020.9 1.2240.05 0.1120.01 0.4120.02 0.1620.01 0.51:0.02 okl f
3 28.3:0.5 1.43£2.06 €.12£0.02 0.4620.04 0.2120.03 0.4920.03
P 10 26.820.6 1.2520.06 0.10£0.01 0.4520.00 0.1920.02 0.4620.01 -
L 2 NC Relative Organ Weight (gu/100 gm Body Wegght) -e
Sex  1in Yeel Liver Spleen Kidneys Heart Brain
Male 0 4.6£0.0 0.4220.07 1.9010.07 0.8110.11 1.3620.09 ok
10¢ 4.620.2 0.3120.03 2.050.08 0.73£0.06 1.3520.07
1 4.420.1 0.4720.02 2.0120.02 0.67£0.06 1.49£0.06
3 4.720.2 0.5320.0 1.8420.12 0.6920.07 1.29:0.08% .-
10d/ 4.720.2 0.34£0.02 2.1720.15 0.83:0.05 1.6620. 065/ P ]
Female 0 4.720.3 0.4420.07 1.65£0.05 2.69£0.07 1.3020.12
1oc®/ 4.7 0.33 1.64 0.7 1.86 .
1 4.320.2 0.3920.03 1.5310.07 0.5920.03 1.3820.02
3 S5.1£0.2 0. 4420.06 1.6420.13 0.7420. 10 1.7430.11 .
10 4.720.2 0.3520.03 1.67:0.08 0.7320.08 1.7320.06
X NC Relative Orgen Weight (gm/gm Body Weight) :
i Sex in Feed Liver Spleen Kidoays Heart -
i
! Msle 0 3.4:0.0  0.3320.05  1.41:0.09  0.59:0.05 .
; 10¢ 3.020.2 0.200.02 1.3320.08 0.47£6.03 ;
! 1 3.020.2 0. 3120.01 1.3520.04 0.4520.0) ..
3 3.620.1 0.4120.03 1.4220.08 0.5320.04
104/ 2.820.2  0.2020.02  1.3120.05  0.500.02 .
Female 0 2.60.3 0.2520.04 0.9310.05 0.3910.03 :
10c%/ 2.6 0.18 0.88 0.39
1 2.4:0.1 0.2120.02 0.8210.04 0.3120.02 ..
3 2.920.1 0.2520.03 0.9420.04 0.4320.04 :
10 2.720.1 0.2120.01 0.9720.02 0.4220.04 n

a/ Cotton control; fed 10% of cotton liaters.

b/ Mean + standard error of four mice.

¢/ Significantly differeant from controls (Dunnatt's multiple cosparison pmoduuy).
/ Mean + standard error of three surviving mice.

¢/ Ome surviving mouse.
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IV. ABSORPTION

A. Introduction

As part of our subchronic toxicity study, we studied the absorp-
tion of unitrocellulose in the rat. 14:_Labeled nitrocellulose was given
orally to see if it was absorbed and how rats handled the compound.

e oo e ARl e P 18T e

PO

B. Methodolo 4

1. Radiolabeled nitrocellulose: Th. 4c-labeled nitrocellulose
was prepared from cotton which was grown in the presence of D-glucose-
UL-14C and furnished by Dr. C. R. Benedict of Texas A & M University,
College Station, Texas., The c-cotton was nitrated by standard procedures.lg/
The l4C-nitrocellulose was assayed for its nitrogen content 11/ and found
to contain 12.97 nitrogen by weight, identical to the average value of
that used in the nitrocellulose toxicity studies above.

s e

2, Preparation of 14C--nitroqgllulose for oral dosing: The
14c_nitrocellulose dose was prepared by cutting the fiber. with scissors
and grinding an aqueous suspension in a mortar and pestle, The dose was
concentrated by sedimentation and only fibers small enough to go through
an 18-gauge dosing needle were used. For the initial experiment the dose
was suspended in distilled water. For a second experiment the dose was

suspended in 0.2% methyl cellulose-0.47 Tween 80 (MC-TW80), to obtain a
better suspension.

3. Experimental procedure: Two Charles River c0®nale rats weighing
715 and 607 gm were used for this study. Each rat was fasted overnight
before being given 1 ml/100 gm (about 20,000 dpm/ml) of either the aqueous
or MC-1TW80 suspension orally. After dosing, each rat was placed immediately
in a "Roth-Delmar' metabolism chamber. The chamber was vented continuously
with Coz-free air at a rate of 250 ml/min., Expired €0, was collected by
passing the air through three absorption columns connected in series. Each
column contained 100 ml of 5% NaOH. Feces and urine were collected sepa-
rately in the apparatus. To ‘nsure that sufficient radiocactivity was
administered, the dosing was repeated daily for 4 days. Twenty-four hours
after the last dose, the rat was anesthetized with ether and aortic blood
collected in a heparinized syringe. Liver, spleen, kidneys, brain, lungs
and thigh muscle were removed, weighed, and representative samples taken
for analysis of radioactivity. The stomach, small intestine, cecum and
large intestine were removed and weighed. These sections and the feces
were homogenized in water and representative samples assayed for radioactivity.
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4. Radioactive assays: Aliquots of whole blood and tissue
samples were digested in 2N NaOH. Blood samples were decolorized by
dropwise addition of hydrogen peroxide. Samples of tissue digests were
neutralized with Beckman BBS-2, solubilized in Beckman BBS-3, and counted
in a toiuene-PFU-dimethyl POPOP cocktail using a Packard Tricarb 3375
liquid scintillation spectrometer. Samples of plasma, urine, and lac.
nitrocelluluse were solubilized directly in BBS-3 and counted. 14Coz
sanples from the air traps vere spotted on filter paper, dried, 2nd counted.
All data were corrected roc background and quenching.

C. Results and Conclusions

The result after repeated oral doses of radiolabeled nitro-
cellulose is summarized in Table 40, No detectable radioactivity was
found in any tissue or body fluid. Radioactivity was recovered only in
the various components of the gastrointestinal tract plus contents and

in the feces. From these results, we can conclude that the nitrocellulose
molecule i8 not absorbed by the rat.

#
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L " TABLE 40 i
» DISTRIBUTION AND FXCRETION OF RADIOACTIVITY AFTER i
: ORAL ADMINISTRATION OF l4C-NITROCELLULOSE :
i 4 fotal dpm Recovered %
Lo _ Pat No. 18/ Rat_Nc. 22/ i
. Gastrointestinal Tract 3
; o Plus Contents i
P Stomach 169,575 6,867
co Small intestine 4,979 0 ‘
e Cecum 60,735 0 j
- Large intestine 3,222 0 :
o Feces 168,579 488,720
Expired Air 0 0 ?
p
- Blood 0 0 3
Urine 0 0
Liver 0 0
Spleen 0 0
Kidneys ' 0 9
% f‘ Lungs 0 0
gj‘ Muscle 0 0
o)
: ¢

a/ Rat No. 1 received the
aqugous suspension.

b/ Rat No. 2 received the l4c nitrocellulose as a
suspension in 0.27 methylcellulose - 0.4% Tween 80.

C-nitrocellulose as an
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V. GENERAL SUMMARY AND CONCLUSIONS '

A. Summary and Conclusions i

There is no evidence that nitrocellulose is a "toxic chemical."” E
The only effects seen (increased feed consumption, decreased weight gain, i
intestinal impaction) were also seen in animals fed a similar concentra-
tion of cotton linters, the material which is nitrated to form NC. Since
dogs, rats and mice, like humans, cannot digest cellulose, the NC and
linters passed straight through the gastrointestinal tract, as confirmed
in the absorption study. The fibrous nature of the NC and linters prcduced
the observed effect of impaction in the relatively small intestine of
mice; the feed and weight effects were due to non-nutritive bulk of the 1
fibers.

B. Additional Research k

Although no effects were seen in these subchronic feeding studies, d
it is possible that the lifetime feeding of these fibers may have some ad-
verse effects. Possible mechanisms include contiauzl irritation, predis-
posing to tumors, and possible denitrification of the NC by intestinal
bacteria, followed by absorption of the nitrate and potential toxicity from
it or reaction products, such as nitrosamines. Nitrocellulose should be
given a chronic toxicity study before the subject of toxicity is dismissed.
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HEMATOLOGY, CLINICAL LABORATORY TESTS, HISTOPATHOLOGY,
STATISTICAL AMALYSIS, AND NORMAL VALUES

I. HEMATOLOGY AND CLINICAL LABORATORY TESTS

The usual blood sample from dogs 18 8 m!, from monkeys 4 ml, and

from rats 0.3 ml for hemat.iogy and about 8 ml for full analysis at termin-
ation.

A. Hematology

The followin’, hematological analyses are performed on all blood
samples from rats, dogs and mcnkeys.

1. Erythrocyte and leukocyte counts: A Coulter Electromic
Particle Counter with 100 u aperture is usedml/ Particle-free diluents
(Isotvn for RBC, Zap-Oglobin in Isoton for WBC, Coulter Electronics, Inc.)
are counted to establish the background. Each blood ssmple is8 counted in
duplicate. For each test day, two control blood samples (Diagnostic
Technology, Inc.) are counted separately in duplicate.

2. Hematocrit: Hematocrit is determined in capillary tubes
using a microcapiilary centrifuge (International Equipmeant Company, Model

MB). Two control blood samples (Diagnostic Technology, Inc.) are measured
separately in duplicate.

3. Hemoglobin: Hemoglobin is measured as cyanomethemoglobin.gf
Each blood sample is measured in duplicate. Cyanomethemoglobin (Coulter
Electronics, Inc.) is used as the standard. For each assay, two levels of

the standard are used and two control blood samples (Diagnostic Technology,
Inc.) are measured in duplicate.

4, Methemoglobin (Met-Hb): Met-Hb is measured by the method of

Dubowski.é/ A positive control is made by adding potassium ferricyanide
to control blood.

5. Heinz bodies: Heinz bodies are stained with methvl violet and
the percent of Heinz bodies is calculated.

6. Mean corpuscular volume (MCV): MCV is calculated as follows:

. ]
Mcv (1) = Hematocrit x 10
Erythrocytes in millions/mm3
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7. Mean corpuscular hewoglobin (MCHb): MCHb is calculated as
follows:

. __Hemoglobin (gm %) x 10
MCHb (uu8) = G hrocytes in millions/mm’

8. Mean corpuscular hemoglobin concentration (MCHbC): MCHbC i
is calculated as follows: .

MCHbC (gm %) = Hemoglobin (gm %) x 100
Hematocrit

e i, Lt oAt 4 i <

9. Differential leukocyte countc: Wright's stain is used to
stain the leukocytes for examination.

10. Reticulocyte count: Reticulocytes are counted by the methy-
lene blue method using the Miller disc. 4/

11. Platelet count: A Coulter Electronic Particle Counter with
70 u apertuvxe is veed.2/ Particle-free Isoton is used as diluent and
counted to establish the background. At weekly intervals, platelets are
also visually counted in a hemocytometer with a phase microscope for
conparisonwé

12. Clotting time (dog and monkey): Clotting time is dete.wined
by the capillary tube prccedure using two capillary tubes.?/ The time
elapsed from the appearance of the blood from the animal and coagulation
in either tube is measured,

B. Clinical Bloud Tests

The following clinical blood chemistry tests are performed on
all blood samples from dogs and monkeys and on blood samples from rats
at termination.

1. Blood glucose: Fasting blood glucose is determined by Stein's
hexokinase method.8/ Standard glucose solution (Dade) is used to establish
a standard curve. For each assay, one level of the standard and two con-
trols (Reference Serum, Worthington; and Validate, General Diagnostics) are
measured.

? 2. Serum glutamic-oxaloacetic transaminase (SGOT): SGOT is
measured by the method of Amador and Wacker.3/ Validate and Reference
y Serum are used as the enzyme reference for each assay.
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3. Serum glutamic-pyruvic transaminase (SGPT): SGPT is measured
by the method of Henry et al.19/ validate and Reference Serum are used as
the enzyme reference for each ascsay.

4, Alkaline phosphatase: Alkaline phosphatase ls measured by
the method of Bowers and HcComb.l!f Validate and Reference Serum are used
as the ensyme reference for each assay.

5. BUN: BUN is measured using the BUN Strate Kit (General Diag-
nostic) which is based on the urease method.ll/ Three levels of Calibrate
(General Diagnostics) are used to establish a standard curve., For each
assay, two controls (Calibrate I and Validate) are used as the reference.

6. Creatinine: C(Creatinine is measured by a modified kinetic
alkaline picrate procedure.lé/ Creatinine Standard Solutions (Sigma Chemi-
cal Company) are used to establish a standard curve. For each assay, two
levels of the standard and two controls (Calibrate I and Validate) are
used as reference.

7. Lactate dehydrogenase (ILDH): LDH is measured by the method
of Wacker et al.1%/ Precinorm E and Precipath E (Boehringer, Mannheim
Corporation) are used as the enzyme controls for each assay.

8. a-Hydroxybutyrate dehydrogegase {a~HBDH): « HBDH is measured
by the method of Rosalki and Wilkinson.=2/ Precinorm E and Precipath E are
used as the enzyme controls for each assay.

9. Craatine phosphokinase (CPK): CPK . measured by the improved
procedure of Rosalkil®/ baged on the methods of lever.lll Precinorm E and
Precipath E are used as the enzyme controls for each assay.

C. Urinalysis

Urine samples are collected from animals before and during treat-
ment as are the blood samples. The urine from rats is collected by slight
manipulation of their body, and samples within each group are pooled. The
monkeys and dogs are placed individually in metabolism cages, and urine is
collected in the stainless steel pan. The urine from each dog and the pooled
urine from rats are tested and examined for the following:

1. Protein: Urinary protein is determined with Labstix (Ames
Company, Elkhart, Indiana).

2. Sugar: Urinary glucose and reducing substance are determined
with Labstix (Ames Company).
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3. Microscopic examination: Urine samples are Eent:ifuged and
the supernatant discarded. The residue is resuspended and examined micro-
scopically for the presence of erythrocytes, leukocytes, epithelial cells,
and crystals under high power fiel®' and for casts under lc'r power field.

A positive urine control. prepared with known aﬁodnts‘of'pf3tein
and glucose i1 saline adjusted to pH 6.0 is run with each assay to check
the reliability of the Labstix.

D. Occult Blood in Feces

Feca) sauries are collected from animals before aad during
treatment as are the blood and urine samples. Occult blood in the feces
is de ermined with Hematest Reagent Tablets (Ames Company, Elkhart, Indisna).
A pos.tive control (wvhole blood) and a negative control (distilled water)
are included with each #ssay to check the reliability of the Hematest
tablets.

E. Precision of Hemitology and Clinical Rlood Chemistry Tests

1. Reproducibility

For erythrceyte andhleukocyte counts, hematocrit, hemogloBin, and
the various clinical blood chemistry tests, the same control blood samples
or centrol standards are used for day-to-day assays. The replication of
results are excellent and ave sumarized in Table A.

The determination of differential leukrcyte counts and reticulocyte
ounts are performed by experienced personnel. At weekly intervals, a blood
sample is counted by two or more personnel to coufirm the accuracy of the
¢ ting. Also at weekly intervals, the platelet counts obtained m.a
Cculter Electronic Particle Counter are compared with the direct 11
counts in a hemocytometer using a phase microscope. ‘

2. Reproducibility Within a Test Day

At monthly intervals, a blood sample is taken from a control dog
and six or more determinations for erythrocyte, leukocyte, reticulocyte,
and platelet counts, hemoglobin, and various clinical blood chemistry tests
&re performed to establish the reproducibility within an assay. The results
dce summarized in Table B.
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3. P-oficiency Test Service

We subscribe to the Proficiency Test Service of the Institute
for Clinical Science, Hahnemann Medical College, Philadelphia, Pennsylvania
(F. Wm. Sunderman, M.D., Director). On the first day of each month, this
service sends two samples containing cwo different sera or solutions to all
subscribers for measurements of one or more of the parameters usually analyzed
in clinical laboratories. Participants report their results on a form fur-
nished by the service. On the 15th day of the month, each parti ipant re-
celves a report from the secvice which includes: the results of a statistical
analysis of the values reported by all the participating laboratories; a
current review of pertinent methodology; a comprehensive bibliography; and
validation of the results which the participating laboratory reported. This
service enables each participating laboratory to obtain an unbiased and criti-
cal assessment of its proficienc, in relation to that of 1,000 or so other
clinical laboratories throughout the country. The service has been in con-
tinuous operation since 1949 and was given endorsement by the American Society
of Clinical Fatholiogists in 1952 and by the Association of Clinical Scientists
in 1957 and 1968. Our results have been found *to be satisfactory and are
summarized in Table C.

II. HISTOPATHOLOGY

A. Necropsy and Gross Examination

At terwmination or prior to imminent death, rats are killed with
ether, and dogs and monkeys with an overdose of sodium pentobarbital. Animals
that die on tests are.kept refrigerated but not frozen until racropsy. The
general physical condition and nuiritional status of each animal at the time
of death or termination are observed and recorded. Mecropsy is performed as
soon as possible after death. Gross changes of all tissues are carefully
examined and recorded.

B. Organ Weights

~ The brain, liver, spleen, kidneys, adrenals, thyroids and gonads
ar~ trimmed free from surrounding tissues and weighea. The organ weight to
body weight and/or brain weight ratios are then calculated.
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C. Tissues for Microscopic Examination

Tissues to be examined include the eye, s<in ureast), trachea,
lung, tongue (except rat), sal’vary gland, liver, gallbladder (except rats),
pancreas, esophagus, fundic and pyloric stomach, duodenum, jejunum, ileum, ,
cecun, colon, kidneys, urinary bladder, gonads, and accessory organs, i
diaphragm and gracilis muscle, anterior pituitary, thyroids/parathyroids, ;
adrenals, tonsil (except rat), thymus, spleen, prescapular (except rats) , i
and mesenteric lymph nodes, rib bone with bone marrow, brain (sagittal ’ ;
section for rats; coronal sections of cerebral cortex, cerebellum, and
brain stem for dog and monkey), spinal cord (lumbosacral plexus, dog and
monkey), sclaztic nerve and any other structures nof. mentioned which show : s
abnormal gross changes. ) ‘

D. Fixation and Staining of Tissues y l

All tissues are cut not to exceed 1 cm in thickness for fixation. J
For most tissues, neutral tuvffered 10%Z formalin is used. Sufficient volume : i
of fixing solution is used :r] the tissues are changed to a fresh solution
after 24 hours. The fixed tissues are processed in an Autotechnicon for
dehydration, clearing, and infiltration and then embedded in paraffin.
Routine H & E staining is used to stain the sectioned tissues for micro-
scopic examination.

Supplementary tissue fixatives and staining techniques may be
employed for more positive identification of special lesions such as calci-
fication, pigments, fat deposition and other abnormal changes.

IIT. STATISTICAL ANALYSTS

Data are analyzed statistically using the Dunnett’s multiple com-
parison procedure following an analysis of variance,l— or our modification
of this procedure for uneven numbers among groups. The chosen criterion
5’5 significance is p € 0.05. The means of each group at various intervals
' during treatment are compared with pretreatment levels. For most experi-

- ments in-beagles, three baseline (pretreatment) levels are obtained. The

: baseline levels for each animal are averaged and the mean is used in the

3 analysis. In addition, the means of the various treated groups are compared
| with that of the control group at the respective time intervals.
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IV. NORMAL VALUES

A. Hematology, Clinical Laboratory Tests and Bone Marrow

Since June 1971, we have used about 180 rhesus monkeys (Woodard
Research Corporation, Herndon, Virginia, Primate Imports, Port Washington,
New York, and PrimelLabs, Inc., Farmingdale, New Jersey) for various studies.
The peripheral blood elements and clinical blood chemistry values of these
monkeys before treatment and the myeloid/erythroid (M/E) ratio of the bone
marrow of the monkeys used as normal controls varied among individual ani-
mals. The mean + S.D. and the range of the various parameters for the males
and females are summarized in Tebles D and E, respectively.

Since September 1971, we Lave used about 525, 5 to 9 months old,
heagles dogs (AKC registered, Hazelton Research Animals, Inc.). The periph-
eral blood elements, clinical blood chemistry values and the M/E ratio of
the bone marrow varied considerably among individual dogs. The mean + S.D.
and the ranges of the various parameters for the males and females a:e
summarized in Tables H and I, respectively.

During the same periocd, we have uged about 500, 7 to 10 weeks old,
male albino rats (CDC)Strain, Charles River Breeding Laboratceries). As
for the dogs, the individual variations of the peripheral blood elements,
clinical blood chemistry values and the M/E ratio of the bone marrow were
large. The mean + S.D. and the ranges of the various parameters for these
male rats are summarized in Table L.

B. Absolute and Relative Organ Weights

Organ weights, both absolute and relative to body weight, of
rhesus monkeys, beagle dogs, and albino rats are summarized in Tables F
and G, J and K, and M, respectively. These were control animals used be-
tween June 1271 and December 1976.

C. Presence of Various Substances in the Urine

‘Various substances occasionally occurred in the urine of monkeys,
dcgs and rats. The results are summarized in Table N. Large percentage of
urine samples from monkeys contained epithelial cells, i.e., 34.7% to 52.0%.
Other substances occurred in 8.1% or less of the urine samples.

In dogs, protein, erythrocytes, leukocytes and epithelial cells
were present in 19.1 to 21.6%, 16.5 to 19.8%, 22.6 to 24.6% or 24.7 to 25.7%,
respectively, of the samples from dogs collected for analysis. Glucose,
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crystals, and casta occurred in less than 2% of these samples. Some dogs

had been bled and returned to the metabolism cages before the urine was
removed for analysis. The high incidence of some of these substances in

the urine of these dogs might be due to contamination with the fecal material
and traces of blood dropped in the cage. Special care to avoid contamination
has been undertaken,

In rats, large percentage of urine samples contained protein, i.e.,

29.8 to 36.0%. A few samples contained erythrocytes, leukocytes, epithelial
cells and crystals.

D. Occult Blood in the Feces

Less than 10% of the feces samplas from monkeys or dogs was positive
with the Hematest for occult blood. The results are summarized in Table O,
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TABLE A

REPRCDUCIBILITY AMONG TEST DAYS ON THE
SAME CONTROL SAMPLES OR s;r_;nmxnsﬂ

No. of )
Decerminatiorns Mean + S.D. Range !
Erythrocytes (x 10°/mm3)
Normal level 20 4.51 + 0.97 4,36 - 4.67
Abnormal level 20 2.32 +£ 0.04 2.25 - 2.40 |
Hematocrit (vol %) N
Normal level 20 44.3 £ 0.40 44 - 45 ’
Abnormal level 20 22.8 + 0.60 22 - 24 ,
Hemoglobia (gm %) .
Normal level 20 14.2 + 0.20 13.% - 14.5 3
Abnormal level 20 7.4 £ 0.20 6.9 - 7.8 ;
T 2ukocyte Counts (x 103!mm3) 3
Normal level 20 7.3 + 0.50 6.8 - 8.7 4
Abnormal level 20 17.6 + 0.80  16.3 - 18.7 B
Fasting Blood Glucose (mg %) 20 163.0 + 7.5 151 - 178
SGOT (1U/{) 23 61.7 + 3.9 55 - 68
SGPT (IU/{) 23 51.3 + 2,6 46 - 55
Creatinine (mg %) 18 2.2 + 0.3 1.6 - 2.6
BUN (mg %) 19 9.8 + 0.2 9.5 - 10.2
Bilirubin (mg %) 11 0.8 + 0.1 0.8 - 1.0
Alkaline Phosphatase (IU/{) 22 71.6 + 5.4 62 - 80
CPK 1 153.0 + 7.7 139 -~ 161
LDH 8 98.0 + 2.4 95 -~ 101
HBDH 8 226.0 + 7.2 214 - 238
a/ Performed in December 1976.
]
{
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i TATLE B

REPRODUCIBILITY WITHIN A TEST DAY

g ON THE SAME SPECIMENS&
wy
Mean + §.D.2/
- D, Range ]
- Erythrocytes (x 10%/mm3) 5.90 + 0.14 5.73 ~ 6.08
. Reticulocytes (%) 0.63 ¢+ 0.12 0.44 - 0.79
Hematocrit (vol %) 46.8 + 0.6 45.0 - 47.5
hh Hemoglobin (gm %) 16.1 £+ 0.2 15.8 - 16.1
) Platelets (x 105/mm3) 1.56 + 0.07 1.49 - 1,66 |
; Leukocytes (x 103/mm3) 10.8 + 0.4 10.2 - 11.3 ;
. Bands (%) 0+0 0-0 1
- Neutrophils (%) 64.3 + 3.1 61 - 69
t Lymphocytes (%) 29.0 + 4.9 23 - 35 .
v Eosinophils (%) 3.2 + 0.8 2 -4 1
.. Basophils (%) 0+0 6-0 ¥
: Monocytes (%) 3.4 + 0.9 3-5 v
. Atypical (%) 00 0-0 .
3 Nucleated RBC (%) 0+0 0-0 ]
; Methemoglobin (gm %) 00 0-~-0 1
- Fasting Glucose (mg %) 9.7 + 3.0 32 - 101 i
. SGOT (IU/YF) 23.2 + 2.8 21 - 28 -.
SGPT (IU/4) 25.3 + 2.1 24 - 28 ?
.- Creatinine (mg %) 0.6 + 0.1 0.5 - 0.6 ﬂ
BUN (mg %) 9.0 + 0.0 9 -9 i
Alkaline Phosphatase (IU/{) 63.5 + 1.1 62 - 65
- CPK 44,0 + 1.6 43 - 46
. LDH 38.5 + 1.6 37 - 40
: HBDH 42.0 + 1.6 40 - 43

a/ Performed in October 1976.
b/ Six determinations from an adult beagle blood sample.

x
Boraind

- .




TABLE C k

a/ To date, we have received unknowns for phosphorus, uric acid, and serum
iron. We do not routinely perform these determinations.
b/ Based on values submitted by participants by 10th of month.

PROFICIENCY TEST SERVICE (PTS) REPORTS (1975-1976)2/ 5
Participating ‘
Laboratories :
MRI PTS (10-90 Percentiles) Acceptable 5
Unknowns Results Results Medien Mean Per formancel i
Df
Hemoglobin 13.8 gm 2 13.8 13.8 13.8 13.6 - 14.0 .
18.1 gm % 17.9 17.9 17.8 17.6 - 18.2 )
Serum Protein 6.6 mg % 7.1 7.0 7.0 6.7 -17.3 ;
Fasting Glucose 272,0 mg % 264.5 266.0 263.0 240 - 290 . ;3
229.0 mg ¥ 221.4 220.5 222.5 200 ~ 240 S0
BUN 12.1 mg % 12.0 12.0 12.2 11.0 - 13.¢ ‘ !
38.4 mg % 40.1 40.3 39.2 36.0 - 44.0 A‘!
Creatinine 1.0 mg % 1.0 1.0 1.0 0.8 - 1.3 b
4.3 mg % 4.4 4.5 4.4 3.9 - 4.9 :
Bilirubin 3.9 mg % 4.16 4.15 4.14 3.5 - 4.6
1.3 mg % 1.78 1.80 1.77 1.5 - 2.1
Cholesterol 175.0 mg % 161.4 161.0 162.0 145 - 175
106.0 mg ¥  109.8 109.4 111..0 98 - 120
Ca 15.7 meq/{ 15.4 15.4 15.3 14.1 - 16.4
9.5 meq/{ 9.8 9.8 9.8 9.2 - 10.3
Na 156.0 meq/¢  155.8 156.0 155.5 153 - 158
K 7.3 meq// 7.5 7.5 7.5 7.3 - 7.7
3 c1 96.0 meq/{ 97.8 98.0 27.5 96 - 101
| 78.0 meq/f 79.4 79.0 80.0 77 - 83
j Mg 1.0 meq/# 1.1 1.1 1.2 0.9 - 1.4
; 1.9 meq//f 2.0 2.0 2.1 1.8 - 2.3
|
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TABLE F

1
1

;

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE RHESUS MONKEYss:!

i
. - Absolute
- Organ Weight Mean ¢ S.D. Range
f
- Liver (gm) 82 + 17 64 - 122
- Spleen (gm) 4.6 £ 1.8 2.0 - 9.3
Kidneys (gm) 15.1 + 3.8 8.0 - 22.0
- Adrenals (gm) 0.73 * 0.15 0.45 - 0.86
. Thyroids (gm) 0.57 £ 1.30 0.37 - 0.81
: Testes (gm) 1.29 * 0.67 0.53 - 3.30
. Relative (per kg body weight)
f Mean * S.D. Range
: Spleen (gm) 1.25 * 0.47 0.57 - 2.38
h Kidneys (gm) 4.13 + 0.92 2.20 - 6.43
.. Adrenals (mg) 201 * 44 129 - 254
i Thyreoids (mg) 154 = 42 86 - 250
- Testes (gm) 0.34 = 0.11 0.18 - 0.53
Q a/ Data collected between September 1971 and December 1976 from 17
e monkeys weighing 3.71 *+ 0.48 kg, used as control animals.
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TABLE G } ,

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF FEMALE RHESUS MONKEYS®/

Organ Weight

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (gm)
Thyroids (gm)
Ovaries (gm)

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (mg)
Thyroids (mg)
Ovaries (mg)

Absolute Lo

Mean % S.D. Range :
{

83 * 17 64 - 122 5
3.8 ¢+ 1.4 2.0 - 6.0 ‘
14.5 * 2.8 11.0 - 20.0 ;
0.68 + 0.16 0.53 -~ 1.14 :
0.60 * 0.20 0.37 - 1.11 )
0.28 * 0.10 0.14 - 0.45 X

Relative (per kg body weight)

Mean * S.D. Range
25.4 + 5.8 19.2 - 37.4
1.16 * 0.49 0.60 - 1.89
4.40 *+ 0.86 3.20 -~ 6.25
212 + 80 138 - 438
173 + 66 97 - 346
82 + 28 43 - 140

a/ Data collected between September 1971 and December 1976 from 11
monkeys weighing 3.39 * 0.58 kg, usec as controls.
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TABLE J

ABSOLUTE AND RELATIVE ORGAN WEIGHTS CF MALE BEAGLZ D0GS2/

Organ Weight

Liver (gm)
Spleen (gm)
Kidneys (gm)
Adrenals (gm)
Thyroids (gm)
agtes (gnm)

Liver (gm)
Spleen (gm)
Kidneys (gr)
Adrenals (mg)
Thyrerids (n3
Testes (gm)

«/ Data collected between September
weighing 9.3 * 1.8 kg, used as

Abgoluze

i+

Mean & S5.D.
264
58
53
1.12
1.03
6.60

51
25
10
0.26
0.32
4.56

I+ I+ 1

Relative (per kg body weight)

384
167

1.75
2.50
18.00

Mcan t S.D.

27.9 * 4.2
5.0 ¢ 2.0
5.6 + 0.8
117 = 25
108 * 34

D.67 * 0.39

19

0.13

1971 and December 1376 from 51
control animals.
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TABLE K

ABSOLUTE AN.) RELATIVE ORGAN WEIGETS OF FEMALE BEAGLE DoGs®/

Abgolute

Organ Weight Meun % S.D. Range

Liver (gw) 218 * 51 106 - 322 ,5

Spleen (gm) : 48 + 21 16 - 103

Kidneys (,m) 43 £ 9 24 - 71

Adrerals (gm) 1.04 * 0.~ 0.49 - 1.65 E

Thyroids (gm) 0.88 ¢ 0.25 0.55 - 1.91 \

Ovaries (gm) 0.74 £ 0.24 0.38 - 1.27 —

)

Relative (per kg body welght) 1

Mean t S.D. Range =

Liver (gm) 28.2 ¢ 5.0 20.7 - 38.8 [

- Spleen (gm) 6.0 £ 2.3 3.1 - 10.9 ,
- ¥idneys (gm) 5.5 + 0.9 3.7 - 7.9
- Advenals (g} 135 ¢ 35 67 - 215 HE
Thyroids (mg) 12 2 31 75 -~ 219 19
3 Ovavies (ug) 96 + 33 54 - 222 I?
V!

a_f Jata collected between September 1971 znd December 1976 from 49 dogs, i
veighing 7.7 * 1.5 kg, used as contrul animals. q

(A
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TABLE M | l

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE ALBINGC Rarsa/

i ‘ i
Absolute L%
Organ Weight Mean t S.D. Range |
]
Liver (gm) 10.89 ¢ 2.7 7.18 - 15.09 L_;
Spleen (gm) 0.65 + 0.11 0.34 - 0.89 !
Kidneys (gm) 2.64 + 0.27 1.84 ~ 3.58 i
Adrenals (mg) 63.6 * 9.5 21.9 - 73.5 Lo
Thyroids (mg) 26.3 £ 5.8 14.3 - 37.7 i
Testes (gm) 2.98 ¢ 0.51 1.76 - 3.04 | :
{.
Relative (per 200 gm body weight)
Mean + §.D. Range 2
Liver (gm) 2.96 + 0.42 2.0 - 4.01
Spleen (gm) 0.19 % 0.08 0.10 - 0,30 é
Kidneys (gm) 0.76 + 0.10 0.22 - 0.88 !,
Adrenals (mg) 18.6 + 5.8 5.8 - 22.4 1
Thyroids (mg) S 22,7 4.2 - 12.7 P
Testes (gm) 0.87 £ 0.15 0.23 - 1.09 i

a/ Data collected between September 1971 and December 1976 from 139 rats, Lo
weighing 352 * 59 gm, used as control animals. C
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TABLE

PRESENCE OF OCCULT BLOOD IN THE FECES OF MALE

AND FEMALE MONKEYS AND DOGS

Species:

No. of Animais:

No. of Collections:
O.cult Blood: Negative

Positive

Monkeys Dogs
448/ 8 1188/ 30
4a 4gb/ e 156/
90.9 (40)S/  95.8 (46)  94.1 (111)  91.7 (143)
9.1 (4) 4.2 *2) 5.9 () 8.3 (13)

a/ Baselire data collected from all animals employed between July 1974 and

December 1976.

b/ Data collected at weekly intervals for 4-7 collections from controls
employad between July 1974 and December 1976.

c/ Percent of total (number of samples).
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